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A B S T R A C T
In th is th esis , c h y lo m ic ro n  (C M ) and  C M -re m n a n t (C M -R ) m eta b o lism  in  hum ans  
w a s  s tu d ied  b y  th e  a p p lica tio n  o f  u n iqu e  m a rk ers  w h ic h  la b e l these  lip o p ro te in  p a rtic le s  
f ro m  the s tag e  o f  p ro d u c tio n  b y  the  e n te ro c y te  u n til re m o v a l b y  h ep a tic  re c e p to r  
m ed ia ted  p ro c e sse s . R etin y l p a lm ita te  (R P ) is a v itam in  A  e ste r , w h ic h  la b e ls  th e  
C M / C M -R  b y  b eh a v in g  lik e  th e  c h o le s te ro l e s te r  (C E ) w h ich  is c a rr ie d  in  th e  c o r e  o f  
th ese  p a rtic le s . D e v e lo p m e n t o f  a  m o n o -sp e c ific  an tib o d y  to  a p o lip o p ro te in  (a p o ) B -  
4 8  an d  ap p lica tio n  o f  an en zy m e  lin k ed  im m u n o so rb an t assay  (E L IS A )  e n ab led  
q u an tifica tio n  o f  th is ap o lip o p ro te in  w h ich  is sp ec ifica lly  lo c a te d  on  th e  su rfa c e  o f  
C M / C M -R . T h e  p o s tp ra n d ia l lip aem ic  re sp o n se  fo r  a ll p a ra m ete rs  w e re  d e te rm in e d  by  
th e  a re a  u n d er th e  tim e  re sp o n se  c u rv e  (A U C ). P lasm a  w a s  sep a ra ted  b y  f lo ta tio n  
u ltra c e n trifu g a tio n , o v e r la y e re d  w ith  saline  (d = 1 .0 0 6  g/ml), to  sep a ra te  the  
t r ia c y lg ly c e ro l- r ic h  lip o p ro te in  (T R L ) and  in fra n a ta n t frac tio n s .
T o  ex am in e  th e  e ffe c ts  o f  h ab itu a l lo w  in ten sity  e x e rc ise  on  th e  p o s tp ra n d ia l C M  
re sp o n se  to  m ea ls  o f  v a ry in g  fa t  c o n ten ts , t r ia c y lg ly c e ro l (T A G ), a p o  B - 4 8  an d  R P  
w e re  m e a su re d  in  the T R L  fra c tio n . 1 4  y o u n g  m en  w e re  re c ru ite d  an d  d iv id e d  in to  tw o  
g ro u p s , a c tiv e  an d  in a c tiv e , d ep en d in g  on th e ir  h ab itu a l a c tiv ity  le v e l. A c t iv e  su b jects  
w e re  d e fin ed  as th o se  w h o  u n d e rto o k  ae ro b ic  a c tiv ity  f o r  a t le a s t 3  sess io n s  a  w e e k  
an d  th e  in a c tiv e  g ro u p  to o k  n o  re g u la r  e x e rc ise . In  re sp o n se  to  m ea ls  o f  2 0  g , 4 0  g  
an d  8 0  g  fa t  c o n te n t, the  a c tiv e  su b jects  sh o w e d  lo w e r  p o s tp ra n d ia l C M  re sp o n se  as 
assessed  b y  th e  T R L -a p o  B - 4 8  A U C , b y  3 5 % , 5 8 %  and  6 6 %  (p < 0 .0 5 ) ,  re s p e c tiv e ly .  
T h e T R L -R P  re sp o n se  to  th ese  m e a ls  w a s  a lso  lo w e r  b y  6 7 % , 5 4 %  an d  4 9 %  (p < 0 .0 1  
in  each  c a se ), in th e  a c tiv e  su b jects . P lasm a lip o p ro te in  lip ase  (L P L ) a c t iv ity  w a s  5 0 %  
(p < 0 .0 5 )  h ig h e r  in  th e  a c tiv e  g ro u p  fo llo w in g  th e  8 0  g  fa t  m ea l.
T h e  m e ta b o lism  o f  C M / C M -R  in  the  p o s tp ra n d ia l sta te  w a s  s tu d ied  in  9  m id d le  
ag e d  m en  w ith  n on -in su lin  d ep en d en t d iab e tes m e llitu s  (N ID D M ) an d  in  6  m a tch ed  
c o n tro ls . T h e  su b jects  w e re  g iv e n  a  s tan d a rd ised  m e a l con ta in in g  5 0  g  fa t ,  fo l lo w e d  by  
a  1 2  h r p o s tp ra n d ia l s tu d y . N ID D M  su b jects , c o m p a re d  w ith  th e  c o n tro ls , s h o w e d  
e x a g g e ra te d  p la sm a  p o s tp ra n d ia l re sp o n se s  o f  apo  B - 4 8 ,  T A G  an d  R P  o f  3 6 9 6  vs  1 7 9 6  
Mg.ml'1.m in  (p  < 0 .0 0 5 ) ,  2 5 2 5  vs  1 2 4 3  m m ol.L"\m in (p < 0 .0 5 ) ,  an d  3 9 5 7  vs  2 9 2 3
M m o L L 'lm in  (p < 0 .0 5 ) ,  re sp e c tiv e ly . In the  T R L  fra c tio n , ap o  B - 4 8 ,  T A G  an d  R P  
A U C s  w e re  1 0 2 1  vs 4 7 3  w g .m l'lm in  (p  < 0 .0 5 ) ,  1 3 0 7  vs  5 2 7  m m o l.L ’lm in  (p < 0 .0 5 ) ,  
an d  2 7 0 7  vs 2 1 5 8  w m ol.L / lm in  (N S = n o t s ig n ifican t), re s p e c tiv e ly . T h ere  w a s  no  
s ig n ific a n t d iffe re n c e  in  p la sm a  lip o p ro te in  lip a se  (L P L ) a c tiv ity , b e tw e e n  the  g ro u p s.
T he e f fe c t  o f  b e za fib ra te  o n  p o stp ran d ia l lip o p ro te in  m eta b o lism  w a s  in v es tig a ted  
in  a  6 -w e e k  p la ce b o  c o n tro lle d , c ro s s -o v e r  tr ia l in th e  sam e 9  N ID D M  su b jects . 
B e z a fib ra te  re d u c e d  th e  A U C  fo r  p la sm a  ap o  B - 4 8 ,  T A G  and R P  b y  4 5 %  (p , 0 .0 0 5 ) ,  
3 0 %  (p <  0 .0 0 5 )  and  4 6 %  (p < 0 .0 1 ) .  T h e  c o rre sp o n d in g  re d u c tio n  fo llo w in g  
b e z a fib ra te  th e ra p y  in T R L  apo  B - 4 8 ,  T A G  and  R P  w e re  6 2 %  (p < 0 .0 0 5 ) ,  5 4 %  ( p  <  
0 .0 0 5 )  an d  4 9 %  (p < 0 .0 5 ) ,  re sp e c tiv e ly . P lasm a  L P L  a c tiv ity  w a s  in c re a se d  a fte r  
b e z a fib ra te  th e ra p y  (p < 0 .0 0 5 ) .
T h e  e ffe c ts  o f  3 -h y d ro x y -3 -m e th y lg lu ta ry l co e n z ym e  A  (H M G  C o A )  re d u c ta se  
in h ib ito rs  o n  p o s tp ra n d ia l lip o p ro te in  m eta b o lism , and  in  p a rticu la r, C M -R  m etab o lism , 
w e r e  in v e s tig a te d  in  2 0  m id d le -a g e d  sub jects w ith  p rim a ry  h y p e rch o le s te ro la e m ia .  
S u b je c ts  w e r e  g iven  a  h igh  fa t  m ea l an d  the  C M / C M -R  m a rk e rs , ap o  B - 4 8  an d  R P , 
w e r e  m e a su red  in  v a r io u s  fra c tio n s  o f  p lasm a, o b ta in ed  b y  c u m u la tive  flo ta tio n  u ltra ­
c e n tr ifu g a tio n , u sing  a  lin e a r sa lt g rad ien t. T h e  S f  2 0 - 4 0 0  fra c tio n  o f  p la sm a,  
co n ta in in g  th e  m a jo r ity  o f  p la sm a  C M -R  w a s  iso la te d . R ed u c tio n s  in  T A G , C E , re tin y l  
e s te r  (R E ) a n d  ap o  B - 4 8  A U C , in  this fra c tio n , fo llo w in g  4  w e e k s  o f  H M G  C o A  
re d u c ta s e  th e ra p y , w e re  6 1 %  (p < 0 .0 1 ) ,  2 0 %  (p < 0 .0 1 ) ,  1 3  %  (N S ) an d  2 3 %  (p < 
0 .0 1 ) ,  re s p e c tiv e ly . A d d itio n a lly , th e  sm a lle r, p o ten tia lly  a th e ro g e n ic  C M -R , as 
m e a su re d  b y  a p o  B - 4 8  A U C  in  th e  S f  6 0 - 1 0 0  an d  S f  2 0 - 6 0  fra c tio n s  o f  p la sm a  w e re  
re d u c e d  b y  1 5 %  (p < 0 .0 5 )  an d  2 2 %  (p < 0 .0 5 ) ,  re sp e c tiv e ly , fo llo w in g  H M G  C o A  
th e ra p y .
T h ese  s tu d ies  h a v e  estab lish ed  th a t m ea su rem en t o f  apo  B - 4 8  an d  R P  a re  u se fu l in  
th e  s tu d y  o f  th e  m e ta b o lism  o f  C M / C M -R  in  h ea lth  an d  d isease .
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C H A P T E R  1
G E N E R A L  I N T R O D U C T I O N
i
1.1. H I S T O R I C A L  P E R S P E C T I V E
The search for plasma lipoproteins began at the turn of the century. The 1901 
report of Nerking indicated that the removal of all non-polar lipids in blood with ether 
required initial proteolysis. Macheboeuf in 1929, while working at the Pasteur 
Institute, first reported the reproducible precipitation of a “cenapse” or lipid-protein 
complex, by treating horse serum with a m m o n i u m  sulphate. Bennhold, in 1932 echoed 
the conviction that - “die Globuline binden Cholesterin,” and was credited by Tiselius 
(the inventor of electrophoresis) as being the first to attempt to isolate lipid-protein 
complexes using this important technique (Blix et al., 1941).
W h e n  the Faraday Society met in Birmingham, England, in 1949, its discussions 
constituted the first international symposium on lipoproteins. The host was Alastair 
Frazier, father of one of the prevailing theories on fat absorption and chylomicron 
formation. A  paper describing the reproducible isolation of two distinct classes of 
lipid-protein complexes from human serum by a fractionation technique using alcohol 
at low temperatures and low salt concentrations was delivered by Edwin J. Cohn. O n  
the basis of their migration on electrophoresis, these complexes were named the “alpha 
and beta lipoproteins”. Essentially all of the cholesterol in plasma was accounted for 
by these two lipoproteins.
This signalled a new era of lipoprotein research; Barr and associates at the N e w  
York Hospital were adapting Cohn fractionation to a clinical scale. B y  1951, they had 
reported an apparent association between lower levels of alpha lipoproteins and a 
‘proclivity’ toward coronary artery disease. At about the same time, zonal 
electrophoresis was also being used for separation of lipoproteins by Esko Nikkila in 
Helsinki, w h o  was beginning a distinguished career studying the metabolism of 
triacylglycerol (TAG)-rich lipoproteins (TRL) that was curtailed by his death in 1990 
(Nikkila, 1953).
In the late 1940s, John Gofman, a physician and physical chemist, using an 
analytical ultracentrifuge (developed by Svedberg &  Rinde, 1924), devised a totally 
new system of plasma lipoprotein analyses and explored the relations between 
lipoprotein concentrations and certain aspects of health and disease (Gofman &
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Lindgren, 1949). Within a short time, they had replaced the alpha and beta 
nomenclature with new designations based on the densities and flotation characteristics 
of lipoproteins in the ultracentrifuge. The Gofman group identified multiple subclasses 
of lighter lipoproteins designated as “Sf ’ (Svedberg units of flotation) that soon came 
to be k n o w n  as low density lipoproteins (LDL) and very low density lipoproteins 
(VLDL); they also discovered that the larger of these lipoproteins were converted into 
those that were smaller and denser. High density lipoproteins (HDL) were also 
isolated, and the concentrations of H D L 2 and H D L 3 subclasses were measured, which 
resulted in the observation that the average concentration of H D L 2 was m u c h  higher in 
w o m e n  (De Lalla et al., 1954). The earlier identified alpha lipoproteins corresponded 
to H D L  and the beta band to V L D L  and L D L  particles.
Gofman and colleagues suggested that certain lipoproteins themselves and not their 
lipid components might be the key cause of atherosclerosis. It was intended as a 
challenge to an establishment already comfortable with the cholesterol hypothesis. 
Interestingly, the American National Advisory Heart Council rejected this hypothesis, 
but today, there is no quarrel over the measurement of L D L  rather than total serum 
cholesterol as the more powerful indicator of coronary risk (Castelli et al., 1977).
Soon after the development of paper electrophoresis, the original five types of 
hyperlipoproteinaemias, as classified by Fredrickson, were first publicly displayed to a 
group of cardiologists in the mid 1960s (Fredrickson &  Lees, 1965). The classification 
of these hyperlipoproteinaemias was based on the location of the bands they produced 
on electrophoresis- chylomicrons (CM), the material left at the origin, and often, little 
else in the way of other lipoproteins, was called type I. A  strongly beta band (an 
excess of L D L )  became type II, type III was characterised by the presence of both 
prominent beta and prebeta bands, type IV by a prominent prebeta band, and type V  by 
both a prebeta band and a chylomicron ‘smudge’ at the origin. Large numbers of 
physicians, most of w h o m  had been unaware of developments in the field of 
lipoproteins, realised that a better way of interpreting the disturbing elevations of 
cholesterol or T A G  was needed, especially as implications of risk for coronary artery 
disease (CAD) began to circulate and this brought about the translation of the term 
hyperlipidaemia to hyperlipoproteinaemia.
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Another significant early landmark was the unravelling of the mystery surrounding 
the “anti-chylomicron effect” of heparin, which was first observed in the early 1940s 
(Hahn, 1943). Heparinised blood given intravenously to dogs caused a rapid 
disappearance of the turbidity in postprandial plasma. Gofman’s group showed that 
this ‘clearing’ was accompanied by a swift cascade of lighter T R L  into V L D L  of 
smaller size and higher density and that, later, there were often lesser rises in the L D L  
region (Graham et al., 1951). The identification of the “heparin-clearing factor” was 
ascribed to Edward Korn, w h o  isolated the factor released by heparin from tissues and 
had proved that is was an enzyme, which he termed lipoprotein lipase (LPL) (Korn, 
1955). The discovery of L P L  in 1955 became the centrepiece of what is still one of the 
most intensively studied areas of lipoprotein metabolism. Today, 40 years later, the 
L P L  gene has been cloned, and extensive study of patients with the ‘chylomicron’ 
syndrome has revealed more than a dozen mutational changes in the protein that are 
k nown to cause defective lipolysis of T R L  (Miesenbock et al., 1993).
1.2. P L A S M A  A P O L I P O P R O T E I N S
Plasma lipoproteins, as w e  k n o w  them today, are a group of complex structures, 
which have a shell of unesterified cholesterol, phospholipid and apolipoproteins, and 
carry within the core of the particle, a varying proportion of cholesterol ester (CE) and 
T A G .  The apolipoproteins on the surface of lipoproteins appear to govern the fate of 
the core neutral lipid within these particles. A  summary of plasma lipoproteins is given 
in Table 1.1. The characteristics of plasma apolipoproteins is given in Table 1.2, and 
briefly described below.
Apolipoprotein A-I
H u m a n  apolipoprotein (apo) A-I is synthesised in the liver and intestine and is 
found mainly on C M  and H D L  particles. In the circulation, lipase hydrolysis of C M  
results in rapid transfer of the intestinal apo A-I onto H D L  particles.
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Apo A-I has a plasma concentration of 1.30-1.80 g/L, with a reported half life, in 
circulation, of 4 days. Apo A-I functions as a cofactor of lecithin: cholesterol 
acyltransferase (LCAT) and appears to play a key role in cholesterol efflux from cells.
Apolipoprotein A-II
Apo A-II is primarily associated with HDL, and is synthesised in the liver. It has 
an approximate plasma concentration of 0.40-0.65 g/L and an average half-life of 
about 4 days. Apo A-II has been shown to inhibit apo A-I-mediated cholesterol efflux 
from cells, to increase in  v itro  hepatic lipase (HL) activity and to decrease LPL activity 
on VLDL particles (Brewer & Radar, 1991).
Apolipoprotein A-IV
Apo A-IV is synthesised by both the intestine and liver and is a prominent 
component of newly synthesised CM. It is weakly bound to HDL, and can also be 
found in the lipoprotein-free fraction of plasma (Lagrost et al., 1990). It is present at a 
serum concentration of 0.4 g/L and its half-life is not known. Apo A-IV enhances the 
activity of LCAT, inter-acting with cholesteryl ester transfer protein (CETP) in reverse 
cholesterol transport (Lagrost et al., 1990).
Apolipoprotein B-48
Structurally apo B-48 is identical to the N-terminal 48% of apo B-100, and the 
protein arises from a novel form of processing of the apo B-100 gene (Chen et al., 
1987). This post-transcriptional editing mechanism is a unique example in mammalian 
biology. Apo B-48 is associated with CM and CM-remnants (CM-R) and it is 
assumed there is only one apo B-48 molecule on each newly secreted CM particle 
(Elovson et al., 1988). The plasma concentration of apo B-48 is estimated to be
0.005-0.020 g/L (calculated from Karpe et al., 1994) and its half-life, measured as 
removal of CM-R, between 10-53 min (Berr, 1992). Apo B-48 is necessary for the 
secretion of CM and its role is structural since it has not been shown to specifically
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interact with any receptors or enzymes. It may play an indirect permissive role in 
particle clearance as this truncated apo B precludes CM recognition by the classical B, 
E (LDL) receptor. It is widely accepted that in humans, apo B-48 is exclusively 
synthesised by the small intestine (Tennyson et al., 1989). The apo B editing process 
seems to be developmentally regulated. Intestinal organ cultures from foetuses 
produced mainly apo B-100 at 11 weeks, both apo B-100 and B-48 at 16 weeks and 
mainly apo B-48 in the adult intestine (Glickman et al., 1986).
Apolipoprotein B-100
Apo B-100 is the structural protein of VLDL, intermediate density lipoprotein 
(IDL) and LDL. It is a ligand for the B,E receptor. Apo B-100 extends over at least 
one hemisphere of LDL, and proline-rich hydrophobic sequences, unique to apo B, 
may be important in rendering apo B-100 non-transferable from its lipoprotein particle. 
The reference range of plasma apo B-100 is 0.6-1.2 g/L. More than 90% of fasting 
apo B-100 in the plasma of normolipidaemic subjects is associated with LDL and it is 
widely accepted that apo B-100 is secreted from the liver on VLDL (Edge et al.,
1985).
Apolipoprotein C-I
Apo C-I is mainly synthesised in the liver and to a lesser extent in the intestine. 
Apo C-I has a plasma concentration about 0.10-0.18 g/L. During absorption of dietary 
fat by the intestine or during active synthesis of VLDL by the liver, apo C-I 
preferentially redistributes to the surface of CM and VLDL. In the reverse manner, 
when the TAG of CM and VLDL is mostly hydrolysed, apo C-I transfers to HDL. It 
is predicted to have a high helical content for lipid binding and is capable of activating 
LCAT (Nestel, 1987).
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A p o lip o p ro te in  C -H
Apo C-II is also synthesised mainly by the liver and is associated with CM, VLDL 
and HDL in a similar fashion to apo C-I. It is present in plasma at a concentration of 
about 0.8-2.0 g/L. Although it may be capable of activating LCAT, its prime 
metabolic function is as a co-factor for LPL. The presence of apo C-II in CM and 
VLDL is possibly to provide the additional anchoring point for LPL thus providing a 
high local concentration of TAG near the active centre of the enzyme. This would 
allow continued hydrolysis of TAG molecules without necessitating continued 
dissociation and re-association of LPL from the lipoprotein particle (Wang, 1991). 
Apo C-II does not represent the rate limiting factor in the lipolysis of CM and VLDL 
because apo C-II binds with high affinity to LPL and is available at saturating 
concentrations (Wang et al., 1985).
Apolipoprotein C-HI
Synthesis and distribution among lipoproteins of apo C-III is similar to apo C-I and 
apo C-II. Plasma concentration is about 0.2-0.4 g/L. Apo C-III enriched particles 
delay the apo E-mediated remnant lipoprotein removal by the liver. Other functions of 
apo C-HI include inhibition of LPL activity and stimulation of LCAT (Nestel, 1987).
Apolipoprotein D
The exact role of apo D has yet to be defined, but it forms a complex with LCAT, 
Apo D mRNA is found at significant levels in many organs including: the spleen, 
adrenal gland, lung, brain, testis, kidney, heart, intestine and liver. Apo D is found 
mainly in dense HDL, LDL and VLDL (Nestel, 1987).
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A p o lip o p ro te in  E
Apo E is synthesised mainly by the liver, but up to 20 % may be synthesised by 
peripheral tissues such as brain, adrenal gland, kidney, lung, spleen, ovary and muscle. 
Intestinal epithelium does not appear to participate in apo E synthesis. It is associated 
with CM, CM-R, VLDL and HDL. The plasma concentration in normolipidaemic 
subjects is 0.78-1.50 g/L. Six different phenotypes exist (E4/4, E3/3, E2/2 E4/3, E4/2 
and E3/2) due to a genetically determined allele at a single locus. The most common 
phenotype is E3/3 which is present in approximately 60 % of human populations. Apo 
E2 and E4 differ from apo E3 by a single amino acid substitution. Apo E2 is the most 
common form of apo E associated with type III hyperlipoproteinaemia and is defective 
in receptor binding.
The carboxyl terminal has a high frequency of amphipathic a-helices and is likely 
to represent a lipid binding region, whereas the amino terminal contains the LDL 
receptor binding domain. Apo E plays an important role in the cellular uptake of HDL, 
VLDL remnants, IDL and CM remnants. It binds to the apo B/E (LDL) receptor on 
the liver with a much greater affinity than apo B-100 and also has a high affinity for 
hepatic apo E receptors. It also binds to heparin and thus may have a role in 
orientating TRL to endothelial surfaces in the lipolytic process (Brown & Roberts, 
1991).
Apolipoprotein (a)
Apo (a) is highly glycosylated and has a very similar structure to plasminogen. It 
contains a serine protease domain connected to ring structures known as kringles. 
There is a genetically determined variability in the number of repeats of kringle-4, 
which directly affects the molecular size of apo (a). Apo (a) belongs structurally to a 
superfamily of proteases in the fibrinolytic and coagulation systems and does not 
appear to form its own family of lipoprotein particles, or to possess a specific function 
in lipid transport. Multivariate logistic regression models, in recent trials for risk 
estimation of myocardial infarction have confirmed lipoprotein (a) as an important risk 
factor (Dahlen et al., 1986).
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1.3 DIGESTION AND ABSORPTION OF FAT AND CM PRODUCTION
1.3.1. Digestion and Absorption of Dietary Lipid
The usual dietary intake of fat ranges from 50-100 g a day. Most of it is in the form 
of TAG, with CE and phospholipids constituting only a small fraction. Ingested TAG 
contain saturated fatty acids (SFA), such as palmitic and stearic acids and unsaturated 
fatty acids such as oleic and linoleic acids. Absorption of dietary TAG is more than 95% 
while that of cholesterol is about 40%. The pancreatic enzymes involved in lipid 
digestion include pancreatic lipase, cholesterol esterase, and phospholipase. The 
hydrolysis of TAG occurs sequentially, one of the end fatty acids being removed at a 
time, yielding in turn sn -1,2 and sn-2,3 diacylglycerols and then a sn-2  
monoacylglycerol. Less than 5% of the fat ingested remains in the form of
diacylglycerols and TAGs. Hydrolysis of sn-2 monoacylglycerols occurs only after 
isomerization of the fatty acid to the sn- 1 position, but this is unusual, so that most sn-2  
located fatty acids are absorbed in their monoacylglycerol form. Polyunsaturated fatty 
acids (PUFA) are usually located at the sn-2 position (Johnston, 1968).
Dietary cholesterol is in the form of CE which are hydrolysed in the intestinal 
lumen by the pancreatic cholesterol esterase to form cholesterol and fatty acids. 
Phospholipids are hydrolysed by phospholipases. Fatty acids, glycerol, mono-, some di- 
and tri-acylglycerols, cholesterol and phospholipids, the end products of lipid hydrolysis, 
are then made available for absorption through micellar solubilisation brought about by 
bile acids. Within the enterocyte, the subsequent fate of the fatty acids depends on their 
size. Fatty acids containing less than 10-12 carbon atoms (small and medium chain fatty 
acids) pass from the mucosal cells directly without re-esterification, bind to albumin, and 
are transported as free fatty acid to the liver and other tissues. Readily soluble free 
glycerol from lipid hydrolysis is also transported by portal blood. Fatty acids with more 
than 12 carbon atoms and the absorbed cholesterol are re-esterified to TAG and CE, 
respectively, within the enterocyte (Pfeffer et al., 1977).
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1.3.2. C M  F o rm a tio n
CM contain a core of TAG and CE covered by a surface layer of phospholipids, 
cholesterol and apolipoproteins. Within the intestinal epithelial cells, absorbed free fatty 
acids, monoacylglycerols and cholesterol are re-esterified and packed within a 
monolayer of phospholipids and apolipoproteins to form the CM. After crossing the 
enterocyte membrane, free fatty acids are bound to a specific fatty acid-binding protein 
(FABP) with a high affinity for long-chain unsaturated fatty acids. FABP prevents 
accumulation of potentially toxic unbound fatty acids within the cell (Ockner & 
Manning, 1974). Re-synthesis of TAG occurs in the endoplasmic reticulum of the 
enterocyte from the CoA-activated absorbed fatty acids and glycerol. This involves the 
esterification of acyl-CoA and utilises two alternative pathways - the glycerol-3- 
phosphate pathway and the monoacylglycerol pathway. In most tissues, including liver 
and adipose tissue, the glycerol-3 phosphate pathway is the most important route for the 
synthesis of TAG, whereas in the enterocyte, most TAG synthesis proceeds through the 
monoacylglycerol pathway.
Up to ninety percent of TAG in intestinal mucosa is formed through the 
monoacylglycerol pathway provided monoacylglycerols are available as is the case 
following a fatty meal (O'Doherty & Kukis, 1974). The sn-2 monoacylglycerols, the 
major products from the action of pancreatic lipase in the intestinal lumen, are absorbed 
into the enterocyte where they are acylated to s/2- 1,2- diacylglycerols or sn-2,3- 
diacylglycerols and eventually to TAG. The enzymes necessary for TAG biosynthesis,
i.e. long-chain fatty acid: CoA ligase, monoacylglycerol transferase and diacylglycerol 
transferase are abundant and located on the smooth endoplasmic reticulum (SER) of the 
enterocyte (Shiau et al., 1980).
CE and cholesterol are derived either from de novo synthesis in the enterocyte or 
from cholesterol absorbed from the intestinal lumen.. The fraction of cholesterol more 
relevant to postprandial lipaemia is believed to be that derived from food intake. This 
fraction of cholesterol is mostly re-esterified within the enterocyte. Acyl Co-A 
cholesterol acyl transferase (ACAT) is an important enzyme in this process.
Phosphatidylcholine (lecithin) is the major phospholipid of CM. Acyl groups of 
CM phosphatidylcholine do not reflect the composition of dietary fatty acids as is the
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case for TAGs. The enterocyte can synthesise phosphatidylcholine by acylating 
lysophosphatidylcholine.
The enterocytes are capable of synthesis of apo B-48, A-I and A-XV which are 
combined with the intestinal lipids to form CM. The other apolipoproteins in circulating 
CM, i.e. apo C-H, C-IH and apo E, appear to be acquired by the CM after release by the 
enterocyte.
The major apolipoprotein of CM is apo B-48 and this is synthesised in the rough 
endoplasmic reticulum (RER), transferred to the smooth endoplasmic reticulum (SER) 
and incorporated into nascent CM, which then move to the Golgi cistemae and vesicles 
to undergo glycosylation, prior to exocytosis from the cell membrane. Unlike other 
apolipoproteins, apo B-48 remains attached to a CM from the time of formation of the 
particle in the SER until uptake and removal by the liver. Apo A-I originates in the 
intestine and has been demonstrated in the enterocyte of man. It is not derived from the 
circulation through filtration. In the postabsorptive state, apo A-I exists in enterocytes 
and lamina propria, mostly in the free form. In mesenteric lymph, all apo A-I is 
associated with lipoproteins (Imaizumi et al., 1978). Apo A-IV is the third major 
apoprotein of CM originating in the intestine. Apo A-IV appears to transfer from newly 
secreted CM to HDL and then into the lipoprotein free fraction of plasma (Lefevre et 
al., 1986).
The extent to which enterocyte apolipoprotein synthesis is regulated by chronic or 
acute dietary fat intake and/or by dietary fat type, is not clear. Studies carried out in 
animals suggest that sustained changes in acute transmucosal TAG flux or in 
background dietary fat intake have no effect on the synthesis of apo A-I and apo B-48 
(Davidson et al., 1986, 1987). No studies have yet been conducted in humans.
The size and composition of CM depend on the fat content of the meal ingested. 
Ingestion of small quantities of fat or phospholipids result in production of small CM 
similar to those produced in the fasted state. Small CM can be found during both the 
fasted and postprandial state and serve to transport endogenous lipids derived from the 
intestinal lumen and thus, generally, are not the particles causing postprandial lipaemia. 
Because there is one apo B-48 molecule for each CM particle, the production of apo B- 
48 is likely to be a determinant of CM size, with large high fat meals resulting in the 
formation of large low density CM particles. The fatty acid composition of the meal will
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also determine CM size, with PUFA producing larger CM than meals containing SFA 
(Levy et al., 1991).
1.4. POSTPRANDIAL C M  METABOLISM
In the postprandial phase, CM are poured into the intestinal lymph, pass through the 
thoracic duct and enter the general circulation through the subclavian vein to cause 
postprandial lipaemia. CM are the largest lipoprotein species with diameters ranging 
from 80 to 500 nm, density of < 0.96 g/ml, and flotation rates (Sf) of >400-40000. CM 
begin to appear in the plasma within 60 min of ingestion of fat with the major part of the 
TAG component usually removed from circulation within 6-8 hr after meal ingestion 
(Berr & Kern, 1984).
After secretion from the enterocyte and following their entry into the systemic 
circulation, CM acquire apo C-H, C-IH and apo E. These surface components are 
transferred to CM from HDL along with free and esterified cholesterol and 
phospholipids. Some apo A-H and A-1V is also transferred from CM onto HDL at this 
stage. Apo C-II and C-III are transferred rapidly, followed by apo E (Sherrill et al., 
1980). The C apolipoproteins are synthesised in liver and to a lesser extent in the gut. 
Apo C-II and C-III are intimately involved in the postprandial processing of both CM 
and very low density lipoprotein (VLDL) and apo C-I is a cofactor for LCAT activity. 
Apo E is mostly synthesised in the liver but also in extrahepatic tissues, including the 
intestine, brain, muscle, ovaries, kidney, spleen and adrenals. Its major role seems to be 
the targeting of the CM-R (the product of CM-TAG hydrolysis) for the receptor, 
serving as a ligand for remnant removal by the liver.
The first step in the catabolism of CM involves the action of LPL located in 
extrahepatic tissues, resulting in the formation of TAG-depleted particles termed 
'remnants'. The subsequent step in CM catabolism involves a hepatic receptor-mediated 
removal of CM-R.
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1,4.1. C M  H yd ro lys is  and L P L
Once the CM has acquired apo C-II it is capable of activating LPL, the enzyme 
responsible for the hydrolysis of TAG in CM and VLDL particles. Apo C-II acts as a 
co-lipase increasing the interaction of the enzyme with the substrate at the interface of 
the lipoprotein particle. Not all LPL found in tissues participates in TAG catalysis. 
Only that fraction of enzyme protein, the so-called functional LPL, which is localised on 
endothelial surfaces of blood vessels, has contact with circulating TRL (Eckel, 1989).
Because this enzyme is the rate limiting step in TAG hydrolysis its activity is an 
important determinant of the extent and duration of postprandial lipaemia. Since 
hydrolysis by LPL is the initial event in the uptake of TAG fatty-acid by tissues, the 
enzyme also controls the availability of an important cellular fuel. LPL is located on the 
vascular endothelium of tissues with a high requirement for fatty acids, such as skeletal 
and cardiac muscles, adipose tissue and mammary gland. Insulin has a profound effect 
on LPL activity in adipose tissue, promoting both synthesis and release of the enzyme 
(Spooner et al., 1979). Conversely skeletal muscle LPL appears to be inhibited by 
insulin so that increased skeletal muscle LPL activity occurs during the post absorptive 
period when insulin concentrations have returned to fasting levels (Cryer et al., 1976).
Hydrolysis of CM-TAG results in smaller, relatively protein enriched particles with a 
redundant surface coating of free cholesterol and phospholipid. As the core TAG 
component becomes progressively smaller, surface materials (phospholipids, cholesterol 
and apo C-II and C-III) are transferred to HDL to maintain the stability of the CM 
particle. The transfer of apo C-II, together with increasing inaccessibility of core TAG 
for the LPL active site, results in cessation of further TAG removal. The apo B-48 
present from the time of synthesis in the enterocyte, remains tightly bound within the 
core of the CM particle. Apo E also remains within the CM and regions of its structure 
are exposed which allows recognition of the particle by hepatic lipoprotein receptors 
(Brown & Roberts, 1991).
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1.4.2. C M -R  C learance
The LDL receptor, because of its ability to bind apo E has long been thought to be a 
remnant receptor. The obviously normal CM catabolism in LDL-receptor negative 
subjects meant that there was an additional receptor for CM-R clearance. Several new 
receptor proteins, particularly receptors for TRL have been identified. The lipoprotein 
receptors belonging to the LDL receptor gene family all recognise apo E as the ligand 
molecule. Apart from the classical LDL receptor, as described Brown & Goldstein 
(1986), the recently identified members of the LDL receptor family include the LDL 
related receptor protein (LRP) and the VLDL receptor. In addition, Sakai et al. (1994) 
have described the lipolysis stimulated receptor (LSR), as the receptor for TRL in rat 
hepatocytes, and Gianturco et al. (1994) detected two membrane-binding proteins 
(MBP) in monocyte-derived macrophages.
The two types of remnant particles, CM-R and IDL are both rapidly taken up by 
the liver via receptor dependent mechanisms. Until recently, it was thought that both 
CM-R and IDL were catabolised through the same receptors. Increasing evidence, 
however, indicates that the VLDL-derived particles use the LDL or VLDL receptor 
preferentially, whereas the CM-R is mainly catabolised by the LRP (Beisiegel, 1995).
The use of genetically altered transgenic or ‘knockout’ animals has helped elucidate 
many of the functions and ligands of these putative receptors. Willnow et al. (1994) 
using LDL-receptor knockout animals, that overexpressed an LRP inhibitor, have 
provided evidence that CM-R can be taken up by the LDL receptor in  vivo. It has 
long been established that apo E acts as a ligand for the LDL receptor, and its role in 
the LRP has been proposed by several groups. The prominent role of apo E in the 
clearance of CM-R was shown by Ishibashi et al. (1994). In ‘knockout’ mice, apo B- 
48 containing particles increased more dramatically in apo E deficiency than in LDL 
receptor deficiency. This showed that without the LDL receptor, CM can be cleared 
by other receptors, most likely the LRP, but lack of apo E cannot be easily 
compensated.
Studies on the distribution of the LRP in human tissue have shown its presence in 
hepatocytes, fibroblasts, neurons and monocyte-derived macrophages. The induction of
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LRP during differentiation of the macrophage has highlighted the role of this receptor in 
the development of the atherosclerotic plaque (Watanabe et al., 1994).
Three isoforms of apo E are commonly found in human populations and are 
referred to as E2, E3 and E4. The E3/E3 phenotype is the most common phenotype 
found (60%), with E2/E3 having a prevalence of approximately 23%. The avidity of 
binding of apo E isomers to receptors is in the order E4> E3> E2. Subjects who are 
homozygous for E2 have elevated levels of CM-R (Type III hyperlipidaemia) and an 
increased risk of CAD.
There is increasing interest in the role of HL in mediating removal of CM and VLDL 
remnants and in the hormonal and dietary factors which may determine the activity of 
this enzyme. Griglio et al. (1992) elucidated the role of HL in CM-R removal and 
suggested that phospholipolysis of CM-R may be an obligatory metabolic process prior 
to uptake by the remnant receptor. The LRP has also been shown to recognise LPL 
(Beisiegel et al., 1991) and HL (Nykjaer et al., 1994).
Apo C-III has been shown to inhibit HL (Kinnunen & Ehnholm, 1976) and also to 
impair remnant recognition by the hepatocyte remnant receptor (Van Berkel et al., 
1983); apo C-III appears either to displace apo E or to interact with and obscure the apo 
E ligand. For these reasons it is proposed that the binding of the CM-R to hepatic 
receptors requires prior dissociation of apo C-III. Since removal of apo C-III occurs 
onto HDL, this provides a further example of the close interaction between the 
pathways of metabolism of HDL and TAG-rich lipoproteins (TRL) and one which may 
be of significance to the clearance of CM-R.
1.4.3. Reverse cholesterol transport, CETP and TRL
The rate of transport of LDL cholesterol to peripheral tissues generally exceeds 
tissue cholesterol requirements except during periods of active growth or tissue repair. 
Because most cells are unable to carry out oxidation of cholesterol, excess steroid must 
be returned to the liver for elimination in the bile. The return of cholesterol from the 
tissues is termed 'reverse cholesterol transport' and HDL plays a central role in this 
pathway, with the LCAT catalysed reaction acting as the rate regulating step.
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There is evidence that a considerable proportion of the cholesterol initially 
transferred from peripheral cells onto HDL ultimately returns to the liver via CM and 
VLDL remnant particles and that during this latter transfer there is a reciprocal 
enrichment of HDL particles with TAG. This reciprocal crossing over of CE and TAG 
between TAG-rich lipoproteins and HDL is catalysed by an enzyme complex, CETP. It 
was generally thought that CE, because of their insolubility in the aqueous phase, could 
not transfer between lipoprotein particles. With the discovery of CETP in 1976, the 
mechanism for movement of CE and TAG between lipoproteins was established (Tall,
1986).
There is some evidence that CE loaded cells express receptors for HDL (apo A-I 
receptors) which activate the de-esterification of CE and subsequent efflux of free 
cholesterol from the cell. Free cholesterol is acquired by nascent HDL (HDL3) from 
peripheral cells and esterified by LCAT, which together with addition of surface 
materials from CM and VLDL, result in the formation of the less dense HDL2. Some 
cholesterol is taken up directly in HDL2 by the liver but most is transferred onto CM and 
VLDL particles by the action of CETP.
In man at least 80% of the CE formed initially on HDL are transported to other 
lipoproteins and estimates suggest that at least 1500 mg of cholesterol is metabolised 
via this route on a daily basis (Durrington, 1989). This interaction between TRL and 
HDL therefore provides an important pathway of cholesterol metabolism and one 
which has received insufficient attention in the dietary lipid-lipoprotein-CAD 
hypothesis. Perturbations which lead to increased transfer of cholesterol onto CM 
(and VLDL) and/or those which result in impaired removal of the transporting vehicle, 
the CM-R, will result in accumulation of cholesterol-enriched remnant particles in 
circulation. In view of evidence for the atherogenicity of this particle (Mahley, 1982) 
investigation of factors which contribute to adverse concentrations of remnants within 
the circulation require investigation. Situations which lead to periods of marked 
postprandial lipaemia resulting from increased synthesis or impaired clearance of CM, 
can be expected to result in increased transfer of CE onto CM.
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1.5. METHODS TO QUANTIFY CM AND CM-R
Studies of postprandial lipaemia are made difficult by the need for prolonged 
periods of postprandial investigation since CM produced from a single meal may 
remain in circulation for up to twelve hours following meal consumption. 
Interpretation of published results is complicated by the fact that a majority of studies 
have measured concentrations of total plasma TAG, rather than separate 
determinations of the CM- and VLDL- TAG fractions. This makes estimation of the 
relative contributions of exogenous and endogenous lipoproteins to postprandial 
lipaemia difficult to quantify. Methods for estimating the concentrations of CM-R in 
the postprandial circulation are unsatisfactory, and in addition, CM-R and VLDL 
particles cannot be separated by ultracentrifugation because of their similar densities. 
A list of the possible methods for the detection of postprandial TRL is given in Table
1.3.
1.5.1. Apo B-48 Determination
Apo B-48 is the structural apoprotein reported to be present exclusively on the 
surface of CM (Bhattacharya & Redgrave, 1981) and quantitative determination of apo 
B-48 would be a measure of the CM number. However, the use of apo B-48 as a 
marker for intestinally derived CM and their remnants has been hampered by the lack 
of a quantitative assay for this protein. Apo B-48 is an integral part of a CM/CM-R 
particle from its secretion by the enterocyte, through all degradation stages, to its 
eventual extraction from circulation by receptor-mediated processes. It is therefore a 
marker of circulating CM/CM-R numbers as only one molecule of apo B-48 is found 
per particle. The determination of apo B-48 in the TRL fraction of plasma is difficult; 
apo B-48 concentrations are extremely low, the amino-acid sequence of apo B-48 is 
identical to the N-terminal 48% of apo B-100 and the access to apo B epitopes may 
vary depending on the lipid content of the particles. Attempts at measurement of apo 
B-48 have thus been focused on analytical sodium dodecyl sulphate polyacrylamide gel
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electrophoresis (SDS-PAGE). This methodology provides, at best and in experienced 
hands, only a semi-quantitative measure for apo B-48.
Methodological problems with apo B-48 determination prevented satisfactory 
quantification of the protein. Poapst et al. (1987) used SDS-PAGE (tube gels) to 
quantify apo B-48, but found that its chromogenicity was lower than that of apo B-100 
and that the response of dye intensity to protein concentration was non-linear. Karpe & 
Hamsten (1994), published a method which allowed the sensitive quantification of 
plasma concentrations of the two forms of apo B which circumvented the problem of 
differences in chromogenicity by applying restricted masses of apo B on the gel. 
Kotite et al. (1995) developed a procedure to quantify apo B-48 and apo B-100 in 
human TRL. The procedure describes delipidation of the samples without appreciable 
protein loss and permitted quantification of these proteins in samples containing as 
little as 10 wg of protein. Delipidated TRL were subjected to SDS-PAGE (slab gels), 
and the mass of apolipoproteins estimated after densitometric scanning. They claimed 
a working range of 0.2 ug - 30 ug for apo B-48.
High pressure liquid chromatography (HPLC) has also been used to quantify apo 
B-48 in TRL (Hidaka et al., 1990), but the mean concentration found in TRL of 
normolipidaemic subjects in the post- absorptive state (17% that of apo B-100), does 
not correlate well with SDS-PAGE methodologies and suggests spuriously high levels, 
A novel approach to the quantitative determination of apo B-48 has been developed 
by our research group (Peel et al., 1993). A rabbit polyclonal antibody was raised 
against a synthetic heptapeptide consisting 6 amino acids of the carboxy-terminal 
sequence of apo B-48 linked to a cysteine residue. The rationale for this approach 
being that this epitope on apo B-48 is free, with a negatively charged carboxyl group, 
while the corresponding residue on apo B-100 is fixed in the protein structure and is 
part of a peptide bond.
The development of an enzyme-linked immunosorbant assay (ELISA), by our 
research group, is unique in that this methodology combines a highly specific antibody 
with a technically simple and quick methodology for the quantitation of a species of 
particles which are probably atherogenic and for which there are currently no 
satisfactory methods of analysis. The methodological details of apo B-48 
determination by SDS-PAGE and by ELISA, are given in Chapter 2 of this thesis.
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Table 1.3 Methods to quantify postprandial triacylglycerol-rich liporoteins
Method Advantage Limitation
TAG measurements Easy to use, automated 
assay
Completely non-organ specific 
(intestine/liver)
Vitamin A (Retinol) 
labelling
Easy to use Physiological basis in question
Apo B-48 and apo B-100 
SDS-PAGE
Organ specific index of 
particle source
Labour intensive, skilled 
procedure, semi-quantitative and 
not amenable to large scale 
studies
Apo B-48 and apo B-100 
immunochemistry
Organ specific, measure of 
particle number
Limited experience, only one 
reported apo B-48 antibody
Stable-isotope based 
methods
In  v ivo  index of particle 
kinetics, safe, permitting 
multiple evaluations after 
interventions
Problem with isotope 
enrichment and heterogeneous 
nature of lipoprotein transport 
systems
(K arpe  and Hamsten, 1995)
1.5.2. Vitamin A Labelling Of CM
The most commonly used approach for the detection of CM is an indirect one 
involving oral dosing with retinyl palmitate (RP), a method which relies on the 
assumption that RP administered with a meal is secreted with CM and remains within 
the CM or CM-R until its removal by the hepatic receptor (Berr & Kern, 1984).
RP is an ester of retinol (vitamin A), a 20-carbon monohydroxy isoprenoid with 
palmitic acid. The compound can exist in various isomeric forms due to double bonds 
in the side chain of retinol. The formation of isomers from an all-trans configuration is 
catalysed by light, iodine and higher temperatures. RP has the characteristics of a lipid, 
being insoluble in water but soluble in non-polar solvents such as chloroform, 
hydrocarbons or alcohols.
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RP is the predominant form of vitamin A (apart from carotene) and is important in 
animal growth, reproduction, the maintenance of function of mucous membranes and 
vision. Apart from its role as a fat-soluble vitamin, RP has been used as a surrogate 
marker in studying the metabolism of CM and CM-R (Berr & Kern, 1984). It is this 
aspect of vitamin A that is of relevance in the field of postprandial lipid research and 
for which we are continually developing and improving the existing methodologies of 
analysing the compound.
In 1976, Hazzard & Bierman introduced a sensitive and specific method for the 
investigation of the metabolism of CM in humans, in  vivo. The method utilised the 
feeding of a fat meal with the incorporation of oral retinol with subsequent 
determination of retinyl ester (RE) (the main component of which is RP) levels in 
plasma. In order for the plasma vitamin A to provide a quantitative estimate of 
postprandial lipoprotein changes, it is essential that:
a) retinol absoiption is complete and/or constant,
b) newly absorbed retinol is completely esterified and incorporated in the core of the 
CM particle,
c) the RE component of the CM does not exchange with lipoproteins of non-intestinal 
origin within plasma and
d) RE is not re-secreted in circulation by the liver, in VLDL particles.
The rationale for this approach is based on the metabolic fate of ingested retinol 
and is shown in Figure 1.1. Following intestinal absorption, retinol is taken up by 
enterocytes, esterified with long chain fatty acid, primarily palmitic acid and 
incorporated into the core of the CM (Goodman et al., 1966). These CM particles are 
then secreted into intestinal lymph and enter the vascular compartment via the thoracic 
duct. After entry into the circulation, CM-TAG is hydrolysed by LPL on vascular 
endothelium, resulting in the formation of CM-R. CM and CM-R contain the RE and 
are taken up by parenchymal cells in the liver via receptor-mediated endocytosis 
(Sherrill & Dietchy, 1978). In the liver, RE are hydrolysed to retinol and either 
released to plasma bound to retinol-binding protein (Kanai et al., 1968), or re-esterified 
and stored in fat-storing cells of the liver (Blomhoff et al., 1984). Since retinyl esters 
do not appear to be re-secreted by the liver (Lenich & Ross, 1987) and their exchange 
with other lipoproteins in the plasma is thought to be minimal (Cortner et al., 1987),
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Figure 1.1 The principle of the use of vitamin A (Retinol) labelling of chylomicrons. 
FA «  fatty acids; LPL = lipoprotein lipase.
they have been used as a marker of CM metabolism. RP is the preferred ester to 
follow as it is quantitatively the most important, comprising 75% of the total retinyl 
ester in plasma (Berr & Kern, 1984). Both RP and a sum of all the esters of retinol, 
represented as total RE, have been used in the determination of CM metabolism.
Hazzard & Bierman (1976), in the first reported application of RE as a marker for 
the metabolic fate of CM showed a dissociation between the kinetics of RE and TAG 
removal, and highlighted this to good effect in subjects with type III 
hyperlipoproteinaemia, where there was an extreme delay in the clearance of 
circulating CM-R. Berr & Kern (1984) used oral retinol to endogenously label CM 
with RP in normolipidaemic volunteers, following which the plasma was harvested by 
plasmapheresis, stored for 42 hr and then pulse-injected back to the donors. The decay 
of RP in plasma was then followed and the half-time of CM-R clearance was found to 
be 29 ±  16 min, in eight normolipidaemic subjects. This technique was more accurate 
than oral dose experiments for studying RE clearance and avoided the assumptions 
regarding absorption rates of retinol and cholesterol. The results obtained were 
substantiated by Krasinski et al. (1990a), who found similar half-times for RE decay, 
and also showed a diminished rate of clearance in apo E2/E2 phenotype.
Recently, there have been reports questioning the validity of retinol labelling of 
CM. Krasinski et al. (1990b) found that the peak plasma level of RE occurred 1-2 hrs 
after the peak in TAG in postprandial studies of normolipidaemic subjects. As they 
suggested, absorption of this material may have been slower than that of TAG in the 
test meal. Also, they found that 32% of RE remaining in plasma 12 hrs after the meal 
was present in LDL and a smaller amount in HDL. Cohn et al. (1993) showed that RE 
appeared in apo B-100 containing TRL at later postprandial time points and that 
approximately 25% of total RE area under the time response curve (AUC) was 
accounted for by apo B-100 containing lipoproteins. These findings suggest the 
possibilities of (i) the human intestine producing apo B-100, (ii) that there is transfer 
of RE to apo B-100 particles, occurring either in circulation, by the various neutral 
lipid exchange mechanisms or (iii) that the liver may be responsible for the re-secretion 
of RE into apo B-100 containing particles, following extraction of CM-R from 
circulation. The uptake of RE in CM and CM-R has not been fully investigated and 
indeed, there does not seem to be uniform uptake of RE in CM. The validity of RE
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measurements were further questioned in a recent paper by Karpe et al., (1995) when 
they simultaneously quantified apo B-48 and RE in healthy men. They found that the 
time to peak for apo B-48 was faster than that of RE and that the relatively smaller apo 
B-48 containing particles carry fewer RE per particle. They hypothesised that the 
varying number of RE per CM species was due to (i) the very early direct uptake of 
some large (Sf >  400) CM-R and (ii) that there may be intestinal secretion of small (Sf 
60-400) CM particles. On the basis of the ‘precursor-product relationship’ observed 
between RE in Sf > 400 (CM fractions) and the smaller lipoprotein particles, it was 
assumed that accumulation of RE in Sf 60-400 and in Sf 20-60 lipoprotein fractions 
represented CM-R accumulation; this assumption may be inappropriate. Some of the 
findings reported in the literature have been based on a limited understanding of RE 
and CM-R metabolism and the interpretation of their significance must be made in the 
context of these limitations. Nevertheless, oral retinol labelling of CM is still widely 
used. Unfortunately, all other available methods hitherto, used in studies to quantify 
CM and CM-R, are complex, and do not lend themselves to large clinical trials.
1.6. FACTORS INFLUENCING POSTPRANDIAL LIPAEMIA
1.6.1. Dietary Influences on Postprandial Lipoproteins
1.6.1.L Effect of Meal Composition
Increasing the fat content of standard test meals results in more marked postprandial 
lipaemia. Cohen et al. (1988) examined the effect of ingesting 40, 80 or 120 g of fat (as 
cream) in 12 normo-triacylglycerolaemic men and found peak plasma TAG levels of 2.8, 
5.7 and 8.0 mmol/L respectively. It must be noted however that these studies do not 
represent the normal physiological situation in which fat is consumed in the form of 
mixed meals in combination with varying amounts and types of carbohydrates and 
proteins. A study by Chen et al. (1992) employing the RP loading test, compared CM 
and CM-R responses to isocaloric low and high fat test meals in subjects with non­
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insulin dependent diabetes mellitus (NIDDM). Although postprandial CM-TAG 
responses were higher following the high fat meal, the extent of the differences were 
modest considering the marked differences in fat content of the two meals (25% versus 
45% fat as energy). Furthermore CM-R concentrations were actually higher following 
the low fat/ high carbohydrate meal than following the high fat/ moderate carbohydrate 
meal. This particular finding is important for two reasons, firstly because it illustrates a 
potentially adverse effect of a low fat diet in NIDDM and secondly, because it suggests 
that improved clearance of CM-TAG is not necessarily associated with improved 
clearance of the potentially atherogenic species, the CM-R.
Further studies are required to investigate modulatory effects of other macro­
nutrients on postprandial lipaemia. Although Cohen found that the protein content of 
standard test meals did not influence postprandial lipaemia, he and his co-workers have 
reported marked differences according to meal carbohydrate composition (Cohen, 1989; 
Cohen & Berger, 1990). Early work by Albrink et al. (1958) showed that glucose 
significantly reduced the postprandial hyperlipidaemia following fat intake and glucose 
has been found to lead to lower postprandial plasma TAG levels following fat ingestion 
compared to sucrose (Mann et al., 1971). More recently, Cohen & Schall (1988) 
studied the effect of 50 g of either fructose, sucrose or glucose on postprandial lipid 
metabolism following the consumption of 100 ml of cream (40 g fat). Fructose greatly 
augmented the postprandial hyperlipidaemic phase compared to the control diet without 
carbohydrate, while sucrose had no effect and 50 g of glucose diminished the response. 
Recent work by the same group (Cohen & Berger, 1990) indicated that some of these 
effects may be related to different osmotic effects of simple carbohydrates in the gut. 
Thus urea, at the same osmotic strength as the 50 g of glucose load, had as strong an 
attenuating effect on postprandial TAG as did 50 g glucose.
1.6.1.2. Effect of Dietary Fatty Acid Composition
Studies of effects of modifying the fatty acid composition of both standard test meals 
and background diets show that acute and habitual dietary fatty acid intake can markedly 
influence postprandial CM/CM-R responses. Early work by Heimberg et al. (1974) 
showed that the postprandial plasma TAG response to the ingestion of safflower oil was
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significantly higher than that of coconut oil. It might, however, be wrong to consider 
this as a fair comparison of a polyunsaturated and a saturated fat since coconut oil has a 
reasonably high proportion of medium chain fatty acids which would tend to be 
absorbed and transported via the hepatic portal vein to the liver. Hence the slower and 
smaller postprandial response to coconut oil ingestion may reflect a different pathway of 
metabolism for this atypical dietary fat.. Harris et al. (1988) observed that the ingestion 
of a meal rich in saturated fat (cooca-butter, peanut oil) produced a greater postprandial 
response in plasma TAG than a meal rich in n-6 polyunsaturates (safflower oil, com oil).
In a recent comparison of postprandial CM TAG responses to standard test meals of 
different fatty acid compositions, Zampelas et al. (1993a) found lipaemic responses were 
greatest to a mixed oil meal (fatty acid composition similar to that of current UK intake) 
and least to a fish oil meal, with the TAG response to com oil intermediate between the 
two. Furthermore they observed higher post-heparin LPL activity in plasma obtained 12 
hr after the fish oil meal than following the other two meals (Zampelas et al., 1994)
These data suggest that the TAG-lowering effects of acute n-3 fatty acid ingestion 
may be due to increased clearance of CM containing a high proportion of n-3 PUFA. It 
is important to note that in this study no differences in CM-RP concentrations were 
found in response to the three meals, suggesting that whilst TAG clearance may be 
accelerated, clearance of CM particles themselves may be unaffected by dietary fatty 
acid composition. However these findings may also be attributable to the unreliability of 
RP as a measure of CM particles clearance since the same group also measured CM apo 
B-48 concentrations in response to fish oil and mixed oil diets and found marked 
attenuation of CM apo B-48 levels following the fish oil meal (Peel et al., 1993).
Demacker et al. (1991) investigated effects on CM-TAG and apo B-48 response 
of increasing the PUFA content of the background diet for a period of two weeks and 
showed a marked reduction in the area under the apo B-48 and CM-TAG response 
curves on the PUFA diet compared with the usual background diet. Weintraub et al. 
(1988) in a series of experiments comparable to those of Hams et al. (1988), studied 
effects of modifying both habitual and acute dietary fatty acid intake. Subjects were 
placed on three different metabolic isocaloric diets: (i) saturated fat, (ii) n-6 PUFA, (iii) 
n-3 PUFA, each for a period of twenty five days. Towards the end of each dietary 
period two test meals were given on separate days, one a saturated fat meal the other a
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PUFA meal. Weintraub observed that where the pattern of habitual fat intake was one 
rich in SFA, CM and CM-R responses to SFA and PUFA test meals were essentially 
similar. Where the habitual intake was one rich in n-6 polyunsaturates, postprandial 
responses to the n-6 polyunsaturated test meal were notably lower than to the saturated 
test meal. All in all, the highest TAG concentrations were seen when saturated fatty 
acids comprised both the habitual and acute-load diet and this response was more than 
double that observed when a meal rich in n-6 PUFA was consumed by individuals 
following an habitual diet rich in n-6 PUFA. Both these authors (Weintraub et al., 
1988; Harris et al., 1988) designed the studies described above primarily to examine the 
effect of the n-3 polyunsaturated fatty acid rich fish oils on postprandial lipid 
metabolism. These authors found that the plasma and CM-TAG responses and CM-R 
responses to both SFA and PUFA test meals were markedly diminished with chronic 
ingestion of an n-3 enriched diet. In these studies postprandial responses were most 
markedly attenuated in subjects given an acute test meal enriched with n-3 PUFAs when 
their background diets also contained the n-3 PUFAs. Williams et al. (1992) also 
showed that in normal subjects supplementation of habitual diets with 10 g per day of 
MaxEPA (~ 3g n-3 PUFA) resulted in a 40% reduction in plasma TAG response to a
standard saturated fat meal.
These data support the conclusion that whilst the postprandial lipaemic response to 
an acute PUFA test meal is generally lower than that to a SFA meal, the effect is most 
marked when n-3 PUFA are fed. When PUFA diets are fed chronically, attenuation in 
lipaemic response is seen with both n-3 and n-6 PUFA and again the effect is more 
marked and more consistent with the former. The fact that more consistent TAG 
lowering effects of PUFA rich diets are seen when these diets are fed chronically and, in 
some studies, appear to be independent of the nature of the fat fed in the acute test meal, 
suggest hypotriacylglycerolaemic effects of PUFA rich diets cannot simply be due to 
these fatty acids acting as better substrates for LPL. In this respect the findings reported 
by Murphy et al. (1993) of increased adipose tissue LPL mRNA in animals fed a fish oil 
diet is of interest and suggest dietary fatty acids may influence the gene expression of 
this enzyme. However the TAG lowering effects of fish oil are generally accepted to be 
associated with reduced hepatic output of VLDL in humans (Nestel et al., 1984) and
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more recent studies in non- human primates have shown that the reduction in hepatic 
VLDL output is not associated with reduced apo B-100 secretion (Parks et al., 1990).
No studies of effects of monounsaturated fatty acid (MUFA) intake on CM and CM- 
R metabolism have been conducted in man and are urgently required in view of recent 
emphasis on the potential health benefits of including increasing amounts of these fatty 
acids in the diet. Brouwer et al. (1993) in comparing responses to intravenous infusions 
of olive and soyabean oils showed slower rates of TAG clearance, lower levels of apo C- 
II and lower rates of HL activity in the case of the olive oil infusion. Lower activity of 
HL suggests possible adverse effects of olive oil on rates of CM-R clearance and 
warrants further study with respect to effects of orally administered olive oil and oleic 
acid enriched diets in humans.
1.6.2. Physiological Factors Influencing Postprandial Lipoproteins
Cohn et al. (1988a) examined the effects of age and sex on the postprandial lipid 
response. Females showed a lower response at all ages and younger subjects showed a 
much lower response than older subjects. However these and other authors (Grundy & 
Mok, 1976; Nestel, 1964) have shown markedly consistent correlations between the 
basal (fasting) plasma TAG level and the extent of postprandial lipaemia. In the study of 
Cohn and co-workers, when the effect of fasting plasma TAG on postprandial lipaemia 
was controlled for, differences between subjects due to age and between the sexes, 
largely disappeared.
The effects of both intensive and moderate forms of exercise on postprandial 
lipoprotein metabolism have been investigated. The chronic effects of exercise have been 
studied by Weintraub et al. (1989a). Physical exercise conditioning significantly reduced 
the postprandial CM and CM-R responses to standard meals and there were also 
increases in post heparin LPL and HL activities of plasma. Cohen et al. (1989) 
compared highly trained endurance athletes and sedentary controls, matched for body 
weight and fasting plasma TAG levels. The level of postprandial hyperlipidaemia (TAG, 
mmol/L) 8 hr after a test meal was significantly higher in the sedentary men compared to 
the endurance athletes (2.6 v 1.5 following an intake of 40 g of fat and 6.1 v 2.5 
following 140 g of fat). They concluded that the major effect of exercise on postprandial
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lipaemia was due to increased rates of clearance although there may also be an 
additional effect of reduced competition from hepatic TRL.
The activity of LPL may be an important determinant of the variation in the 
postprandial lipid response with age, sex and fasting TAG levels and increased LPL 
activity may also explain the blunted postprandial lipaemia associated with acute and 
chronic exercise. Weintraub et al. (1987a, b) have shown that the activities of LPL are 
significantly higher in young subjects (19-28 years) compared to older subjects (40-72 
years). They also showed higher activity of LPL in women than men although this 
difference was not quite statistically significant. The same group showed that plasma 
LPL is significantly increased following exercise conditioning (Weintraub et al., 1989a). 
It is clear that that variations in LPL activity may be responsible for a considerable 
proportion of the variation in postprandial lipaemia which is seen between individuals 
and in response to different background diets. Further studies of dietary and hormonal 
influences on the regulation of LPL activity and gene expression in human tissues are 
required.
1.7. THE NATURE OF THE POSTPRANDIAL RESPONSE TO INGESTION 
OF LIPID
In general terms, the consumption of fat is followed by a rise in triacylglycerol-rich 
lipoproteins (TRL). This pattern of a rapid rise and fall in TRL, resulting in a single 
peak, is widely accepted as the physiological response to fat ingestion. Recently 
however, several authors have shown that, in addition to the accepted monophasic 
response, there also exist both bi-phasic and tri-phasic patterns. Cohn et al. (1988b) in a 
study involving 22 healthy subjects, found that only 5 had one peak in postprandial 
triacylglycerol-rich lipoprotein while 11 (i.e. 50%) had two and 7 had three peaks. 
Similar results have been obtained by Olefskey et al. (1976) and Kashyap et al. (1983). 
The secondary responses generally occurred some 8 hr after the test meal and the 
tertiary response at about 10 hr. These multi-phasic responses occur after the ingestion 
of a single fat containing meal and are somewhat difficult to explain. Cohn et al. (1989)
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have suggested a number of possible factors which might be involved. These include 
variations in gastric emptying, gastrointestinal motility, the rate of fat digestion, 
differentials in the absorption and transport of fat between the proximal and distal small 
intestine or fluctuations in the availability of newly synthesised phospholipid or 
apolipoproteins. These authors also refer to the interesting data of Manssbach & 
Parthasarthy (1982) who have demonstrated two pools of mucosal TAG. One pool 
derives its triacylglycerol-glycerol from absorbed glycerol while the other derives its 
glycerol from de novo synthesis. The former may contribute more to earlier peaks and 
the latter to the subsequent secondary rise in plasma TAG.
Williams and co-workers noted that whilst they consistently observed biphasic TAG 
responses to meal ingestion when test meals were fed in the early evening approximately 
five hours after a standard lunch, similar responses were not observed when meals were 
fed after an overnight fast (Williams et al., 1992; Zampelas et al., 1993b). They have 
proposed that the early rise in TAG concentrations which they observe approximately 
one hr after an evening meal may represent a secondary influx of undigested TAG from 
the meal fed prior to the test meal and provoked by increased gastrointestinal activity in 
response to the test meal. Evidence for this proposal has been provided by recent 
studies in which they labelled standard test meals with vitamin A and measured 
postprandial CM TAG, apo B-48 and RP concentrations. A single RP peak was 
observed at approximately five hours post meal, whereas both TAG and apo B-48 
showed distinct biphasic responses with peaks occurring at one and five hours post meal 
(Peel et al., 1993). These data suggest that the second peak represents TAG ingested 
with the test meal, whilst the first represents previously ingested TAG. These authors 
have speculated that multi peaks observed by other workers may reflect secondary and 
tertiary influxes of fat from the test meal, provoked for example by consumption of fluid 
at regular periods during the studies.
Further information on effects of repeated fat ingestion throughout the day on 
postprandial lipid responses has been provided by a number of groups. Olefsky et al. 
(1976) administered a 1000 kcal meal containing 35% energy from fat to 41 subjects 
over a 12 hr period : 20% at 0800 hr, 40% at 1200 hr and 40% at 1900 hr. Two TAG 
peaks were observed, one at 1 hr post-prandially and the other at 5 hr post-prandially. 
Kay et al. (1980) administered a 136 g (50% energy) fat meal as a single bolus followed
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by five, 2-hourly intakes of protein and carbohydrate to a total intake of 2500 kcal. A 
second group received fat, protein and carbohydrate in six, equally-spaced meals of 
similar composition. The single fat meal produced a single TAG peak at 3 hr with a 
linear decline thereafter. The divided fat meal reached a lower TAG peak later (6-9 hr) 
which again declined linearly thereafter. Although these studies are of value in 
understanding effects of repeated meal consumption on the nature and extent of 
postprandial lipaemia, further studies are needed in which CM-TAG responses are 
evaluated and with subjects ingesting standard meals at normal meal times throughout a 
16 hr day. There is a need to study effects of meal frequency on postprandial lipids, 
both by comparing groups with different patterns of intake, and by altering the 
frequency of meal consumption in individuals.
1.7.1. The Lipoprotein Response to Ingestion of a Fat Meal
Changes in the concentration of apo B-48 and apo B-100 have been reported 
during the postprandial period. Cohn et al. (1988b) reported a five-fold increase in 
apo B-48 at the peak of lipaemia, occurring 3 hr after ingestion of a meal containing 1 
g/fat per kg body weight, in healthy subjects. Apo B-48 was estimated from the 
chromogenicity of the band on SDS-PAGE and found to increase from 1% of apo B- 
100 during the postabsorptive phase to about 3-4% at the peak of lipaemia. This 
worked out to peak apo B-48 concentrations in the region of 1.5-2.0 wg/ml.
Genest et al. (1986), first reported that there was an increase in apo B-100 during 
the postprandial period, determined using a monoclonal antibody specific for apo B- 
100 because it recognised the carboxy terminal end. Using the same monoclonal 
antibodies, Cohn et al. (1993) showed that 80% of the postprandial increase in TAG 
was carried by apo B-48 containing lipoproteins, despite the fact that 80% of the 
increase in particle number was due to apo B-100 containing particles. This 
observation, has since been confirmed by others.
Schneeman et al. (1993) fed healthy subjects a moderate sized fat meal and 
estimated fasting apo B-48 levels to be in the region of 1.5 wg/ml, to peak at 4.0 wg/ml 
at the 3 hr time point. The meal was rich in carbohydrate and they observed a close 
relationship between increments of apo B-100 and apo B-48, in the TRL fraction. The
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changes in concentration of apo B-100 with time showed a slight lag phase, were 
mostly in the Sf 20-100 range and did not seem to be related to differing fat loads in 
the test meal. They concluded that the mechanistic basis for the close temporal 
relationship between the two forms of apo B containing lipoproteins was consistent 
with impairment of hydrolysis of VLDL-TAG postprandially, as a consequence of 
preferential hydrolysis of CM-TAG.
Karpe et al. (1993a) fed subjects a meal of 50 g soyabean oil/m2 body surface area 
and measured the postprandial lipoprotein response in Sf > 400, Sf 60-400, Sf 20-60 
and Sf 12-20 fractions. Apo B-48 could not usually be measured in the largest 
particles and the increase occurred predominantly in the Sf 60-400 fraction. In the 
total TRL fraction, the apo B-48 concentration was noted to increase from 6 ug/ml in 
the fasted state to 22 wg/ml and 14 wg/ml, at the 3 and 6 hr time points. Although the 
apo B-48 pattern was comparable to others, the absolute values were considerably 
higher. The same group, in a subsequent paper revised the concentrations of fasting 
apo B-48 at 0.7 wg/ml with peak values of 2.1 wg/ml (Karpe et al., 1994). These 
differences were methodological and highlight the problem of quantitation of apo B- 
48. The line of reasoning of an accumulation of apo B-100, due to impeded VLDL- 
TAG hydrolysis by the presence of CM, postprandially, was also followed by Karpe et 
al. (1993a), to which they extended the important observation that the concentration of 
apo B-100 in IDL (Sf 12-20) fell significantly at the peak of lipaemia, consistent with 
an impaired lipolysis of VLDL.
The accumulation of hepatogenous VLDL during the postprandial period could, 
alternatively, or additionally reflect increased hepatic secretion or impaired clearance of 
these particles. Increased hepatic secretion of VLDL could represent the response to 
hepatic uptake of fatty acids released by CM hydrolysis. Current evidence fails to 
support this hypothesis as free fatty acid levels are not usually increased after a mixed 
meal and because of the suppressive effect of insulin on hepatic VLDL secretion 
(Lewis et al., 1990). Recently, an interesting report that a patient homozygous for 
LPL deficiency, who was also heterozygous for familial hypercholesterolaemia (FH), 
with decreased LDL receptor expression, had very low LDL levels, a finding 
inconsistent with direct secretion of LDL or IDL from the liver (Zambon et al., 1993).
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Hence, current evidence indicate that hepatogenous VLDL accumulate during the 
postprandial period as long as substantial amounts of CM are present in circulation.
1.8. POSTPRANDIAL LIPAEMIA, ATHEROGENIC LIPOPROTEINS AND
CAD
Almost all the epidemiological investigations of plasma lipids as risk factors for 
ischaemic heart disease, have relied on fasting values, largely to avoid the confounding 
effects of recent meal ingestion on plasma lipids, particularly TAG levels. In reality, 
most human populations eat 4-6 times per day and therefore spend most of their day in 
the postprandial state. As discussed, the normal plasma lipid transport system is 
subjected to a physiological challenge at each intake of a fatty meal, and the magnitude 
of the ensuing postprandial lipaemia varies greatly among individuals reflecting variable 
capacities to metabolise dietary fat. With the input of newly synthesised CM which 
constitute postprandial lipaemia, there are also significant associated perturbations in 
other plasma lipoproteins. Recent evidence suggests postprandial lipaemia may be an 
important factor in atherosclerosis either directly through the atherogenic properties of 
postprandial TRL and their remnants, and/or indirectly by influencing compositional 
changes in other lipoproteins implicated in the process of atherosclerosis.
The atherogenic potential of postprandial lipoproteins was postulated as early as 
1979. This has since been referred to as the 'Zilversmit hypothesis' (Zilversmit, 1979). 
According to this hypothesis, CM and their remnants, if enriched in dietary cholesterol 
rather than TAG, possess the potential to cause cholesterol deposition in the arterial 
wall. This hypothesis has now been considerably extended to include consideration of 
the consequences and effects of postprandial lipaemia on the composition of other 
lipoproteins.
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1.8.1. Mechanisms by which postprandial lipaemia predisposes to CAD
The consistent inverse association between serum TAG levels and HDL-C in 
epidemiological studies (Castelli et al., 1977) and the appearance of polydisperse LDL 
in hyper-triacylglycerolaemia (Fisher et al., 1980) provided an early indication of the 
inter-relationship between TRL and cholesterol-rich lipoproteins. The discovery of 
CETP showed that TRL can be enriched with CE within the circulation by transfer of 
CE from HDL and this appears to be the major route by which CE are returned to the 
liver for excretion. When TAG clearance is delayed, transfer of CE from LDL may 
also occur, with reciprocal exchange of TAG from CM or VLDL. Hence the 
enrichment of CM and VLDL with CE is also associated with progressive enrichment 
of both HDL and LDL with TAG. TAG transferred to LDL and HDL are susceptible 
to hydrolysis by lipases, which reduce the size of these lipoproteins, producing a 
preponderance of small LDL ('pattern B') and small HDL. Studies conducted in 
patients with combined hyperlipidaemia led to the identification of a clustering of these 
metabolically related lipoprotein abnormalities in TRL, LDL and HDL particles (Austin 
& Krauss, 1986). The same workers extended these findings to a free-living 
community, within which the ‘atherogenic lipoprotein phenotype’ (ALP) was first 
coined and shown to constitute an increased risk for CHD (Austin et al., 1990). More 
recently, postprandial studies have linked the ALP with an exaggerated postprandial 
lipaemic response and a wider definition of this phenotype should incorporate the 
features of an exaggerated lipaemic response, as shown in Table 1.4.
The basis for the perturbations in the composition of all major lipoproteins appears 
to be an exaggerated postprandial lipaemic response. Miesenbock & Patsch (1992) 
proposed the 'TAG intolerance' hypothesis, according to which, a low TAG metabolic 
capacity in itself constitutes a handicap that imparts CAD susceptibility. In this 
extended version of that proposed by Zilversmit (1979), CAD risk is not linked solely 
to delayed CM-R clearance in the postprandial state, but rather to impaired transport of 
TRL, both of intestinal and/or hepatic origin. Postprandial lipaemia is perhaps the most 
dominant phase of TAG transport and thus measuring the magnitude of lipaemia is a 
realistic index of TAG metabolic capacity. The metabolic handicap which imparts an 
increased CAD risk is aptly termed 'impaired TAG tolerance' in order to distinguish it
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from fasting hypertriacylglyerolaemia and also demonstrates that a fat load test is 
required in order to unmask this condition. Impaired TAG tolerance typically leaves its 
mark on all lipoprotein classes: TAG enriched HDL, low HDL2-cholesterol, CE enriched 
IDL and CM-R, and small dense LDL particles.
Table 1.4 Principal features of the atherogenic lipoprotein phenotype (ALP)
Parameter Fasting plasma concentration
TAG 1.5 - 2.3 mmol/L
Small, dense LDL HI (density 1.044-1.060 g/ml) >  100 mg total lipoprotein 
mass/100 ml plasma
HDL-C < 1 mmol/L
HDL2 (large HDL, particle diameter 9.7-12.9 nm) < 10% of total HDL
CE-enriched VLDL and CM-R
Exaggerated postprandial lipaemic response
Insulin resistance
CE=cholesterol ester; CM-R=chylomicron-remnant; HDL=high density lipoprotein; 
HDL-C=HDL-cholesterol; LDL=low density lipoprotein; TAG=triacylglycerol; VLDL 
=  very low density lipoprotein. (G r iff in  &  Zampelas, 1995)
Figure 1.2 is a diagrammatic representation of the interplay between postprandial 
lipaemia, CETP and HL. In individuals with effective TAG metabolism (Pathway 1. low 
postprandial lipaemia), TRL do not accumulate and do not become significantly enriched 
in CE (shaded segments). CM-derived phospholipids are transferred to HDL2 and HL 
serves to remove from these particles the excess phospholipid such that the renewed 
HDL2 continues to serve as a phospholipid acceptor. In individuals with a high 
postprandial lipaemia (pathway 2), CM accumulate in circulation for a prolonged time, 
resulting in their extensive enrichment with CE. These CE-enriched remnants may then 
be deposited at sites resulting in atheroma. The CE withdrawn from HDL is replaced 
by TAG, whose hydrolysis leads to accumulation of small dense HDL3. Figure 1.3 
shows a schematic representation of physiological lipoprotein interactions and Figure
1.4 shows the aberrations and possible mechanisms underlying an exaggerated 
postprandial lipaemic response.
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Further development of the 'TAG intolerance' hypothesis, will depend upon the 
direct demonstration, in  vivo, of a quantitative relationship between TAG metabolic 
capacity, which determines the concentration and plasma residence time of TRL and the 
degree of enrichment of TRL with CE. Mann et al. (1991) demonstrated on VLDL in  
v itro , that up to a TAG level of roughly 3 mmol/L, the CE-enrichment of a TRL per unit 
time is a linear function of the lipoprotein concentration. Up to this level, transfer 
activity is independent of the concentration of CE-donor particles and CETP activity. 
At higher TAG levels, CETP activity becomes rate-limiting and CE-transfer to TRL per 
unit time reaches a plateau with respect to TAG concentration. Extrapolating these 
findings to conditions in  v ivo , it is known that differences in TAG metabolic capacity are 
very large even among normolipidaemic individuals, so that the associated differences in 
the amount of CE transferred to TRL daily may be equally large and is calculated to be 
in the order of gram quantities of CE.
1.8.1.1. Atherogenicity of CM-R
TRL, especially CM-R, have been shown to interact with receptors present on cells 
other than hepatocytes. In particular, uptake of remnants by macrophages is capable of 
overloading these cells with TAG and cholesterol leading to the formation of foam cells 
(Goldstein et al., 1980). Van Lenten et al. (1985) demonstrated that human 
monocyte/macrophages possess chylomicron remnant receptors, which can be 
distinguished from the LDL receptor.
Several studies have shown that macrophages incubated in the presence of beta- 
VLDL show marked accumulation of CE (Zilversmit & Hughes, 1973; Chung et al., 
1989; Huff et al., 1991). Beta-VLDL comprise the remnants of both CM and VLDL 
obtained from animals fed high levels of fat and cholesterol or from patients with Type 
III hyperlipoproteinaemia. The latter possess the E2/E2 apolipoprotein phenotype 
which results in impaired clearance of postprandial TAG rich lipoprotein. While beta- 
VLDL are a normal feature of the massively hyper-cholesterolaemic animal model and 
of the Type III hyperlipoproteinaemic patient, they are not a feature of fasting lipids in 
normal healthy adults, so that the relevance of these findings to the atherogenicity of 
CM remnants formed as a normal consequence of CM processing, is debatable.
40
Karpe et al. (1994) measured apo B-48 and apo B-100 in fractions of postprandial 
TRL from patients with CAD who had previously undergone two coronary 
angiographies with an intervening period of at least five years. The levels of small 
CM-R (area under the curve for apo B-48 levels in the Sf 20-60 fraction) were 
significantly correlated to the rate of progression of the coronary lesion over the 
preceeding five years. However, the interpretation of this data is not straightforward 
as the concentrations of apo B-48 were low in this fraction, and also correlated 
significantly with the plasma levels of small dense LDL, which have been linked to 
CAD in many other studies (Griffin et al., 1994).
Mamo and Wheeler (1994) showed that CM harvested from cannulated thoracic 
ducts of rats, then injected into rabbits were deposited in the rabbit arterial walls at 
least as abundantly as LDL particles. Rapp et al. (1994) isolated TRL by selected- 
affinity anti-apo B immunosorption from human atherosclerotic plaques. Careful 
handling and elaborate precautions were taken to prevent degradation of the 
lipoproteins during the isolation procedure. Intact TRL were isolated from these 
plaques and resembled plasma TRL, except for a slightly larger particle size. A finding 
not commented upon by the authors was that the apolipoprotein content within the 
plaque material contained only apo B-100, whereas that of plasma also contained apo 
B-48. These findings imply that CM-R are in themselves not directly involved in the 
atherosclerotic lesion. However, the degree of sensitivity required for the detection of 
apo B-48 warrants the application of a sensitive anti-apo B-48 antibody, as described 
by Peel et al. (1993), to these lesions, in order to definitively exclude their direct 
involvement in atherogenesis.
In a study of the postprandial response to the ingestion of a high fat meal (67 g) or a 
very high fat (113 g), high cholesterol (3 g) meal in man, Bersot et al. (1986) found a 
lipoprotein fraction containing CM-R (termed fraction 1) which led to a marked 
inhibition of beta-VLDL binding to cultured mouse macrophages. This fraction also led 
to a massive increase in macrophage TAG (but not CE) over a 16 hr incubation period. 
However, a fraction taken to represent VLDL remnants (fraction II) did not do so and 
led to levels of macrophage TAG comparable to that obtained with fasting VLDL. In 
this study, fraction 1 of the postprandial lipoproteins (CM-R) were found to be rich in 
apo B-48, apo E and Lp(a). Fraction II (hepatic VLDL remnants) were rich in apo B-
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100 and apo-E but did not contain Lp(a). This latter lipoprotein has been correlated 
with clinically evident coronary heart disease (CHD) (Dahlen et al. 1986). The data of 
Bersot et al. (1986) shows that Lp(a) can be found in postprandial plasma in association 
with the fraction of TRL remnants leading to macrophage transformation to foam cells. 
Whether this is of significance in atherogenesis remains to be seen.
1.8.2. Postprandial lipaemia and CAD
I.8.2.I. TAG intolerance and CAD
Epidemiological studies in humans suggest that IDL or remnant lipoproteins are 
predictors of severity or progression of atherosclerosis (Nordestgaard & Tybjaerg- 
Hansen, 1992). An individual's TAG metabolic capacity i.e. the extent and duration of 
lipaemia which occurs after a standardised oral fat load, is a strong determinant of 
plasma HDL-C, in particular HDL2 cholesterol level. HDL2 cholesterol concentrations 
are inversely related both to the extent of postprandial lipaemia and to the incidence of 
CAD (Patsch et al., 1983). Evidence suggests that TAG metabolic capacity determines 
HDL-C concentration and not vice versa (Patsch et al., 1984, 1987). It appears likely 
that the strong negative association between HDL-C and CAD risk represents the 
residual effect of an incompletely explored TAG-CAD association (Miesenbock & 
Patsch, 1991).
Bainton et al. (1992), carried out two prospective cohort studies of 
approximately 5,000 middle aged men, over a three to five year follow-up period, to 
assess the roles of plasma TAG and HDL-C concentrations in predicting the occurrence 
ischaemic heart disease. Men with TAG concentrations in the top 20% of the 
distribution had a relative odds value for ischaemic heart disease of 2.3 compared with 
men in the bottom 20%, after adjusting for both plasma total and HDL cholesterol, and 
non-lipid risk factors. Men in the lowest 20% of the distribution of HDL-C 
concentration had a relative odds value of 1.7 compared with the top 20%, after 
adjustment was made for total cholesterol and TAG concentrations, and non- lipid risk 
factors. Plasma TAG concentration predicted major ischaemic events after allowance 
was made for total and HDL-C concentrations and other risk factors. In the population
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studied, TAG was a more important predictor of CAD than total cholesterol 
concentration.
The importance of postprandial lipaemia is demonstrated by recent case-control 
studies evaluating postprandial lipaemia in subjects with angiographically verified 
presence or absence of CAD. Groot et al. (1991) studied postprandial TAG handling in 
20 matched pairs of normolipidaemic cases and controls. TAG levels rose to higher 
postprandial peak concentrations and remained elevated for a longer period of time 
leading to an overall larger magnitude of postprandial lipaemia in the normolipidaemic 
cases. Large differences in TAG levels occurred at later times especially after 6 hr 
postprandially.
Simpson et al. (1990) studied 34 cases (10 with considerable hyper- 
cholesterolaemia and 24 normocholesterolaemic) and 18 controls. The magnitude of 
postprandial lipaemia was higher in the patients, irrespective of whether or not the 
hypercholesterolaemic subset was included in the analysis; again the postprandial TAG 
curves of cases and control diverged at the later postprandial hours. Unfortunately, no 
efforts were made in these studies to weigh the risk factor roles of elevated postprandial 
TAG with concomitant reduced HDL-C against each other; and so establish whether 
postprandial TAG and HDL-C are each independent predictors of disease.
Patsch et al. (1992) studied the relationship of postprandial TAG metabolism and 
CAD. 61 male subjects with angiographically verified CAD and 40 controls were 
studied. The maximal TAG increase and the magnitude of an 8 hr postprandial lipaemic 
phase were higher in cases than in the control subjects. Single postprandial TAG levels 
between 6 and 8 hr after the test meal were highly discriminatory (P <  0.001) in 
predicting the presence or absence of CAD. By logistic-regression analysis, a diagnostic 
accuracy of 68% was achieved in predicting the presence or absence of CAD. This was 
higher than HDL2-cholesterol (64%) and equal to that of apolipoprotein B, the most 
discriminatory parameter in the fasted state. Furthermore, in multivariate analysis, TAG 
levels were independent predictors of CAD provided a postprandial challenge test was 
used. The study strongly suggests that the metabolism of TAG is a critical determinant 
of the presence of CAD. The findings underscore the concept that the negative 
association between HDL cholesterol levels and CAD are a result of a positive
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correlation between CAD and plasma TAG metabolism, a relationship which can only be 
clearly demonstrated by a postprandial challenge.
Ryu et al. (1992), studied the relationship between postprandial 
triacylglycerolaemia and carotid atherosclerosis in middle-aged men. 47 subjects were 
studied and the extent of alimentary lipaemia was correlated with carotid artery wall 
thickness as determined by B-mode ultrasonography. Univariate analyses indicated 
correlation between peak TAG response and carotid wall thickness and inverse 
relationship to HDL cholesterol. This association between carotid artery wall thickness 
and the lipaemic response, suggests that the atherogenic process is enhanced by 
prolonged exposure to TAG-rich CM.
1.8.2.2. TAG intolerance: effects on other circulating lipoproteins
O'Meara et al. (1992), studied the interaction between basal TAG and HDL-C in 
determining the magnitude of postprandial triacylglycerolaemia in vivo utilising the RP 
loading test to label intestinally derived TRL. Subjects with low HDL were divided into 
two groups based on the basal TAG level. Subjects in the high TAG-low HDL group 
had areas under the TAG response curve which were significantly greater (P <  0.0005) 
than in any other group.
Further evidence for a primary disturbance in TAG metabolic capacity in a 
syndrome associated with increased risk of CAD is demonstrated in the condition of 
hypo-alpha-lipoproteinaemia (HPAL) where HDL-C and apo A concentrations are low 
and serum apo B is elevated in the presence of a normal LDL-C concentration. It often 
presents with hypertriacylglycerolaemia and is associated with an increased CAD risk. 
Postprandial studies by Genest et al. (1986), Bhatnagar et al. (1992) and Ooi et al. 
(1992), suggested that HPAL is associated with persistence of TRL in subjects with and 
without CAD. These groups demonstrated that enhanced postprandial lipaemia 
accounted for the increased CAD risk in these subjects. Again it is suggested that in this 
condition the extent of the postprandial fall in HDL-C and the qualitative changes in 
LDL particle composition, are related to disturbance in postprandial lipaemia.
The heterogeneity of plasma LDL and the association of a much higher risk of 
myocardial infarction with a preponderance of the small, dense LDL particles has been
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demonstrated by other workers (Tomvail et al., 1991; Campos et al., 1992). Work by 
Karpe et al. (1993b) has shown that the composition of LDL fraction is influenced by 
postprandial lipid metabolism. They studied 32 patients with angiographically defined 
coronary heart disease, 15 of which had basal hyper-triacylglycerolaemia and also 
studied 10 controls, following a meal containing 50g/m2 of dietary fat. The level of 
plasma LDL-C was similar for the three groups (4.4, 4.0 and 4.2 mmol/1 respectively), 
while the % of LDL as dense LDL (d = 1.044 -1.060 g/ml) was significantly higher 
(56%) in the hyper-triacylglycerolaemic patients compared to controls (39%). 
Following the test meal, the greater the postprandial lipid response, the greater was the 
concentration of dense LDL particles. This was reflected in a clear positive association 
(r =  +0.50) between postheparin LPL activity and light LDL-C (d =  1.019 - 1.004 g/ml). 
In effect, the greater the activity of this enzyme, the lower the postprandial response and 
the greater the proportion of LDL as light LDL. The significance of this work is that the 
metabolism of TRL in the postprandial phase is now seen to impinge on LDL 
metabolism in a way that reveals the complexity of the latter and the central role played 
by LPL in mediating these disturbances in postprandial lipoproteins.
Complex segregation analyses in normolipidaemic and hyperlipidaemic kindreds 
suggest that LDL size is controlled by a single major locus designated ATHS 
(atherosclerosis susceptibility), with dominance of the pattern B LDL allele, but with 
incomplete penetrance in younger males and pre-menopausal females. Nishina et al. 
(1992), mapped the ATHS gene to the short arm of chromosome 19, near or at the LDL 
receptor locus. Miesenbock et al. (1993), demonstrated abnormalities characteristic of 
the 'atherogenic lipoprotein phenotype’ in two Austrian families affected by a missense 
mutation of the lipoprotein lipase gene. There was enhanced postprandial lipaemia and 
phenotypic similarities between these Austrian families and the pattern B lipoprotein 
phenotype described by Austin et al. (1990). This study suggests that the metabolic 
setting underlying the ’atherogenic lipoprotein phenotype’ is impaired TAG tolerance of 
whatever molecular cause. The existence of a single gene defect causing impaired TAG 
tolerance appears to link pronounced lipaemia to LDL pattern B and suggests that the 
former is a necessary pre-requisite for the latter.
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1.9. POSTPRANDIAL LIPOPROTEINS IN NON-INSULIN DEPENDENT 
DIABETES MELLITUS
Insulin resistance is associated with the cluster of metabolic derangements in the 
ALP, together with elevated plasminogen activator inhibitor (PAI-1) activity and 
hyperuricaemia (Griffin & Zampelas, 1995). It is generally accepted that the increased 
risk of CHD in NIDDM is not explained by conventional lipid markers nor the mildly 
elevated fasting TAG levels and low HDL-C. Interest has focused on the association 
of small, dense LDL with insulin resistance. Haffner et al. (1994) showed that LDL 
size was smaller in NIDDM men and women compared to non-diabetic control 
subjects. These abnormalities appear to be a consequence of hyper- 
triacylglycerolaemia. An important issue that is unresolved is whether the 
preponderance of small, dense LDL can be explained by the TAG levels alone, or by 
insulin resistance.
Recent studies have found that postprandial lipaemia is indeed increased, that TRL are 
enriched with apo E and that there is defective removal of CM-R particles, in NIDDM 
(Syvanne et al., 1994b; Cavallero et al., 1994). The question of enhanced postprandial 
lipaemia and increased CAD risk in NIDDM has been addressed by Syvanne et al. 
(1994a). Unexpectedly, the responses of TAG and RP in CM and CM-R were similar 
in NIDDM men with angiographically defined CAD and in NIDDM men without 
CAD, as defined by a negative exercise thallium test. The authors speculate that the 
inherent abnormality of postprandial metabolism in NIDDM is so severe that it cannot 
be aggravated by the presence of CAD. The lowering of fasting plasma TAG levels by 
gemfibrozil attenuated the RP accumulation in the CM fraction, but not that of the 
CM-R (Syvanne et al., 1993). Recent studies however, have shown that improvement 
of glycaemic control is associated with lowering of both fasting and postprandial TAG, 
postprandial CM as well as CM-R (Jeppesen et al., 1994).
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1.10. A IM S  O F T H E  S TU D Y
From a metabolic point of view, postprandial lipaemia provides a daily state of 
challenge to TAG transport. A poor ability to cope with the challenge of a postprandial 
lipid load is likely to increase the risk of cardiovascular disease because it provides 
ample opportunity for CE to be transferred from LDL and HDL into TRL, converting 
them into potentially atherogenic particles. Mechanistically, there is increasing evidence 
of the atherogenicity of CM-R as indicated by in  vivo  and in v itro  demonstration of the 
direct role of these particles in the atherosclerotic process of plaque formation. In 
addition, emerging case-control studies have suggested a possible association between 
the small CM-R and the progression of CAD. Clearly, this is an important avenue of 
research that requires unravelling. In future studies, it will be important to quantify and 
characterise the nature of CM-R in the postprandial state. It is also clear that there are 
severe methodological limitations in the quantitation of CM-R, a species of particles 
which are probably atherogenic and for which there are currently no satisfactory 
methods of analysis.
The development of a specific antibody to apo B-48, followed by the application of 
an ELISA methodology, by our Group, allows for its usage in clinical trials. The overall 
theme of the clinical trials presented in the thesis, is to identify both physiological factors 
as well as pathological metabolic conditions which may predispose to CAD by way of 
the CM-R. In all studies, CM and CM-R were quantitated and the postprandial pattern 
compared with that of the established vitamin A loading technique. This is timely, as 
there have been increasing aspersions as to the validity of RP labelling of CM. In all 
studies, the overall postprandial lipaemic response in terms of TAG and cholesterol in 
plasma and the various fractions were measured. Where possible, underlying 
mechanisms, such as the influence of LPL activity were measured. In the pathological 
metabolic disorders, the effects of established pharmacotherapeutic agents was 
investigated.
In Chapter 3 of the thesis, healthy young men were studied to investigate the effects 
of moderate physical activity on postprandial lipoprotein responses to meals of varying
47
fat content. Conclusions drawn from the study were intended to provide an additional 
basis for advocating a generally healthier lifestyle of physical activity and a prudent diet.
Chapter 4 was designed to tackle a ‘diseased’ population, and NIDDM patients 
were the obvious choice as subjects. Newly identified links between insulin resistance, 
elevated TAG levels, the ALP and the increased cardio-vascular mortality of these 
patients warranted further investigation. NIDDM subjects were studied in direct 
comparison to a fairly closely matched group of control subjects with normal glucose 
tolerance.
Chapter 5 was designed as an extension of Chapter 4 and allowed integration of a 
drug trial in the form of a placebo controlled study of the effects of a predominantly 
TAG lowering drug- a fibric acid derivative- on postprandial lipoprotein metabolism. 
Placebo and active drug were administered to the same group of NIDDM subjects for 
comparison of the effects of fibric acid derivatives on the postprandial responses in 
diabetes.
Chapter 6 was designed as a collaborative piece of work between (i) a 
pharmaceutical company, (ii) a lipid research group with facilities for carrying out a 
large scale clinical trial and with a good analytical ultracentrifugation capacity and (iii) 
our unit, set up for the methodological determination of CM and CM-R, both by RE 
and apo B-48 assays. The study was designed to establish the efficacy and safety of a 
new 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase-inhibitor, on a 
group of subjects with primary hypercholesterolaemia. As a group, the HMG CoA 
reductase inhibitors are potent lipid lowering drugs and have documented anti­
atherogenic properties. There are only few reports about the effects of this group of 
agents on postprandial CM-R metabolism. This was an opportunity to analyse readily 
prepared CM-R from cumulative flotation ultracentrifugation. The aim of this study 
was to gain insights into the effects of HMG CoA reductase inhibitors, particularly on 
CM-R metabolism.
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CHAPTER 2
MATERIALS AND METHODS
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2.1. THE DETECTION AND QUANTITATION OF RETINYL ESTERS IN 
BIOLOGICAL SAMPLES
The determination of retinyl esters (RE), of which the principal ester is retinyl 
palmitate (RP), can be performed by the conventional methods involving column 
chromatographic separation followed by fluorimetry (Zile & De Luca, 1968) or by 
batch separation on alumina followed by colorimetry with trifluoacetic acid (Vahlquist, 
1974). During the last few years, high performance liquid chromatography (HPLC) 
has become increasingly popular because of greater sensitivity and specificity of this 
methodology. The use of an internal standard in the assay also improves the precision 
and compensates for possible losses during the extraction procedure.
2.1.1. High Performance Liquid Chromatography
The measurement of RP in biological samples involves three major steps: (i) 
sample preparation or extraction, (ii) the separation of compound of interest by 
chromatography and (iii) the detection and quantitation of the compound. Addition of 
a known amount of internal standard prior to any manipulation, enables the efficiency 
of the extraction and detection processes to be monitored and calibrated by reference 
to the standard. The majority of HPLC assays for the detection of RP employ an 
internal standard; this is usually another retinyl ester of which retinyl acetate (RA) is a 
common choice (Weintraub et al., 1987b; Krasinski et al., 1990a) as it is not found in 
biological samples, is available commercially and has similar properties to RP.
Although the liquid-liquid extraction techniques described below have been widely 
employed, alternative sample preparation systems do exist. Solid-liquid extraction 
using small cartridges filled with water-weakened alumina, although convenient, 
produce extraction recoveries in the region of only 60% (Ross, 1981).
In 1978, De Ruyter & De Leenheer described the separation of four retinyl esters 
and retinol from serum of a subject receiving 300,000 IU of RP on a reverse phase Ci8 
column eluted with pure methanol. The use of heavily loaded silica (18% bonded 
organic material) was essential for the simultaneous determination of retinyl esters, and
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under these conditions, RE peaks were identified by comparison with known pure 
standard material. The first and third retinyl ester peaks to elute were retinyl linoleate 
(C l8:2) and retinyl stearate (C l8:0), respectively. The important second peak was a 
composite containing RP (C16:0) and retinyl oleate (C18:l). The critical pair of esters 
could not be completely separated.
To resolve RP and retinyl oleate, several workers used gradient elution techniques 
(Ross, 1981). However, a gradient-producing system was difficult to operate and 
rigorous control of the mixture composition was necessary to avoid variation in 
retention times between runs. Another method used to overcome the co-elution of RP 
and retinyl oleate was the use of a methanolic eluent containing silver ions (De Ruyter 
& De Leenheer, 1979). The separation of RE was based on chain length and 
unsaturation of the fatty acid ester. The addition of silver ions to the mobile phase 
decreased the retention of RE with a single unsaturated bond in the fatty acid chain 
(retinyl linoleate C18:2 and retinyl oleate C18:l). This was due to the complexing of 
isolated double bonds with silver, favouring partition towards the mobile phase. The 
silver ions did not alter the retention of esters with a saturated fatty acid chain in spite 
of the unsaturation of the retinyl moiety of the molecule. This was due to steric 
hindrance, which prevented conjugation and complexing of the double bonds with 
silver ions, in the retinyl moiety. Argentation hence enabled the retinyl oleate to elute 
before RP, allowing separation and quantitation of each retinyl ester.
2.1.2. RP Assay By The Method Of De Ruyter & De Leenheer (1979)
2 .I.2 .I . Reagents
RP (1700000 USP units/g) and retinyl acetate (synthetic, 2900000 USP units/g), 
were used. Both reagents had all-trans configuration and were of crystalline purity, 
and were obtained from Sigma Chemical Company, St. Louis, USA. Silver nitrate was 
supplied by Vickers Laboratories Ltd., Yorkshire, UK. Methanol and chloroform, 
both of HPLC grade, were supplied by Fisons Scientific Equipment, Loughborough, 
UK.
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Stock solutions of RP and RA (which was used as internal standard), were 
prepared as concentrations of 1 mg/ml in methanokchloroform (1:1, v/v), and stored at 
4°C for two weeks. Working reagents were prepared daily from the stock solution. 
Immediately prior to use, standard solutions were prepared in methanol: chloroform 
(1:1, v/v) to give final concentrations of RP at 0.15 Mmol/L, 0.30 Mmol/L, 0.60 
Mmol/L, 1.20 Mmol/L, 2.40 Mmol/L and 4.80 Mmol/L, to be used in order to cover the 
range of levels expected from the samples to be analysed. RA, the internal standard 
was used at a fixed concentration of 0.95 Mmol/L.
2 .I.2 .2 . W o rk in g  Reagents
2.I.2.3. Instrumentation And Settings
Pump :
Auto sampler: 
Column:
Detector:
Mobile phase: 
Flow rate : 
Computer software 
Injection volume: 
Retention times :
Waters model 510 HPLC pump 
Waters 712 WISP
Stainless steel 150 x 3.2 mm octadecylsilica column, 
of 10 um  particle size (Phase Separation Ltd., Deeside, UK) 
330 nm on a Pye-Unicam LC-UV detector 
Methanol/ 58.9 x 10'3M Silver Nitrate 
1 ml/min
IBM compatible Maxima 820 Chromatography Workstation 
30 Ml
RA 2.66 ±  0.16 min (mean ±  SD)
RP 9.97 ±  0.96 min (mean ±  SD)
2.I.2.4. Sample Preparation
200 m1 of plasma was added to each labelled screw-capped solvent tube. 100 m1 of 
0.95 Mmol/L RA was added to all tubes as an internal standard. A blank plasma sample 
was also included to ensure that there were no peaks which would interfere with the 
detection of RA and RP. Distilled water, 0.6 ml and 1 ml of chloroform were then 
added. The tubes were capped and gently rotated on a rotor mixer for 30 min. This
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allowed uniform and gentle mixing of the tubes. The tubes were then allowed to stand 
for 5 min at room temperature. A further 1 ml of chloroform and 1 ml of distilled 
water was added and the tubes mixed by hand. The tubes were placed standing at 4°C 
for 15 min and centrifuged at 2500 rpm for 15 min (7000 g.min). The lower organic 
phase was transferred into clear tubes using a Pasteur pipette and evaporated to 
dryness under nitrogen. The dried extract was stored in the dark at 4°C before 
analysis. Prior to injection for HPLC analysis, the residue in each tube was 
reconstituted in 200 u l of chloroform:methanol (1:1, v/v) and vortex mixed. This was 
then loaded onto the autosampler, ready for analysis.
2.I.2.5. Assay Validation
2.1.2.5.1. Calibration
A typical chromatogram, under these assay conditions, is shown in Figure 2.1. 
With the application of the data handling software, a standard curve was generated by 
plotting the RP/RA peak area ratio against the known RP concentration, on each 
working day. A typical standard curve is shown in Figure 2.2. Peak area ratios of the 
samples were computed and the RP levels obtained from the plotted standard curve.
2.1.2.5.2. Linearity
Standard curves, with RP concentrations ranging from 0 to 4.80 wmol/L and RA of 
0.95 wmol/L. The working standard curve was linear up to the highest standard with 
the intercept not significantly different from zero. The correlation coefficient for the 
RP/RA peak area ratio to RP concentration was 0.99. The interassay coefficient of 
variation (CV) for the correlation coefficient was found to be 0.7% (n=6). In order to 
investigate the linearity after the extraction procedure, 200 u l of plasma were also 
spiked over the entire working range of RP concentrations. The correlation coefficient 
(mean ±  SD) was found to be 0.98 (± 0.005).
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F ig u r e  2 . 1  A  ty p ica l H P L C  c h ro m ato g ram  c h a rt  re c o rd in g  f o r  th e  d e te rm in a tio n  o f  
R P  in  b io lo g ic a l sam ples. R e tin y l a ce ta te  w a s  ad d ed  as an  in te rn a l stan d ard . T h e  f iv e  
sep e ra te d  re t in y l esters are  la b e lled .
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F i g u r e  2 . 2  R P  a s s a y :  c a l i b r a t i o n  c u r v e  o f  R P / R A  p e a k  
a r e a  ratio a g a i n s t  R P  c o n c e n t r a t i i o n
R P  in u m o l / L
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2.I.2.5.3. Imprecision
T h e  w ith in -a ssa y  p rec is io n  o f  th e  in s tru m en t w a s  assessed  b y  p re p a rin g  a  se t  o f  
stan d ard s in  s o lv e n t and  in e x tra c te d  p la sm a, in jec tin g  each  s tan d ard  f iv e  tim es in to  th e  
H P L C  c o lu m n . T he (m ean  ±  S D ) in tra -a s sa y  C V  w a s fo u n d  to  be 1 .4 %  (± 0 .0 1 2 ;  n = 4)  
fo r  th e  stan d ard s in  so lv e n t a n d  4 .2 %  (± 0 .0 2 0 ;  n  = 5 ) fo r  the  s tan d ard s  in  p la sm a.
T h e  b e tw e e n -b a tch  im p rec is io n  o f  sp ik ed  p la sm a  standards o v e r  a  1 m onth  p e r io d  
is sh o w n  in  T ab le  2 . 1 .  In th e  ap p lica tio n  o f  th e  m e th o d o lo g y  in c lin ica l s tu d ies , a ll 
p la sm a  sam p les o b ta in ed  fro m  a  sin g le  in d iv id u a l o n  d iffe re n t d a y s  o f  s tu d y , w e r e  
a n a ly se d  w ith in  a  s in g le  ru n  to  m in im ise  e ffe c ts  o f  b e tw een -a ssa y  v a r ia b ility .
T a b le  2 . 1 .  R e tin y l p a lm ita te  (R P ) a ssa y : B e tw e e n  batch  im p rec is io n  f o r  e x tra c te d  R P  
s tan d a rd s
R P  (w m oI/L) n M e a n  R P / R A  
p e a k  a r e a  r a t io
S D C V ( % )
0 . 1 5 6 0 . 1 7 0 .0 2 3 1 3 .5
0 .3 0 7 0 .3 4 0 .0 3 7 1 0 .7
0 .6 0 8 0 .7 0 0 .0 8 4 1 1 . 9
1 . 2 0 8 1 .3 7 0 . 1 4 6 10.6
2 .4 0 7 2 .7 3 0 .4 0 4 1 4 .8
4 .8 0 5 4 .6 6 0 .4 2 3 9 .1
2 . I .2 .5 .4 .  A n a ly t ic a l  R e c o v e r y
T his w a s  d e term in ed  b y  c o m p a riso n  o f  R P  in  sp iked  p la sm a  sam p les w ith  
c o rre sp o n d in g  sam p les m ad e  up in  so lv e n t. T h e  p e a k  a re a  ra tio s  w e r e  o b ta in ed  fro m  
th e  e x tra c te d  sam p les and w e re  re a d  o f f  th e  stan d ard  c u rv e  p re p a re d  fro m  th e  
s tan d ard s  in  so lv e n t. T he v a lu e  o b ta in ed  w a s  d iv id e d  b y  the  c o n c e n tra tio n  o f  R P  
w h ich  w a s  u sed  to  sp ike  the  fa s ted  p la sm a  sam p le  to  d e term in e  th e  p e rc e n ta g e
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re c o v e ry .  T h e  a n a ly tica l re c o v e rie s  are  sh o w n  in T ab le  2 .2 .  T h e  p e rc en ta g e  re c o v e ry  
f o r  R P  o v e r  th e  ra n g e  o f  0 .2 0  to  2 .0 0  wmol/L, w a s  g re a te r than 7 8 % . T h e  u se  o f  an  
in te rn a l s ta n d a rd  in each  sam ple, d u rin g  each  ru n , c o rre c te d  f o r  d iffe ren c e s  in the  
re c o v e ry  o f  sam p les .
T a b le  2 .2  R e tin y l p a lm ita te  (R P ) assay : A n a ly t ic a l re c o v e ry  o f  e x tra c te d  R P
A d d e d  R P  
(u m o l/ L )
M e a n  C o n e , o f  
r e c o v e r e d  R P
R e c o v e r y  ( % )
M e a n S D n
0 .2 0.20 102 9 .5 7
1 . 0 0 .8 4 8 4 .4 3 3 .6 7
2 .0 1 .5 8 7 8 .9 21.6 7
T h e  H P L C  m eth o d  u sed  in the  la b o ra to ry  to  m easu re  R P  la b e lled  C M / C M -R  w a s  
b a se d  on  th e  p ro c e d u re  b y  D e R u y te r  an d  D e  L een h ee r ( 1 9 7 8 , 1 9 7 9 ) .  T h e  
sh o rtc o m in g s  o f  th e  a s s a y  w e re :
a) p re c ip ita tio n  o f  s ilv e r  in  th e  fin e  tub ing  o f  the  sys tem  an d  on  th e  o p tic a l su rfa ces  o f  
th e  d e te c to r ,
b) re d u c tio n  o f  co lu m n  li fe  d u e  to  s i lv e r  c o lle c tin g  at th e  h ead  o f  the c o lu m n  and
c) h ig h  c o s t o f  s i lv e r  n itra te .
T h e  m e th o d  a lso  re q u ire d  e x te n s iv e  sam p le  p ro c ess in g , in c lu d in g  lip id  e x tra c tio n ,  
d ry in g  an d  re -so lu b ilisa tio n , b e fo re  ap p lica tio n  to  th e  co lum n .
A  n o rm a l p h ase  H P L C  p ro c e d u re  re c e n tly  d esc rib ed  b y  R u o to lo  e t  al. ( 1 9 9 2 ) ,  
w a s  u sed  in  th e  d e term in a tio n  o f  to ta l R E  in  c ircu la tio n . T his p ro c e d u re  in v o lv e d  no  
c o r ro s iv e  su b stan ces , re q u ire d  less sam ple  p ro c ess in g  and  a llo w e d  f o r  a  la rg e r  n u m b er  
o f  sa m p les  to  b e  a n a ly se d  as th e  H P L C  ra n  tim e  w a s  sh o rte r. T his m e th o d  w a s  u se d  in  
th e  c lin ic a l s tu d ies  in v o lv in g  p la sm a  lip o p ro te in  fra c tio n s  se p a ra ted  d en sity  g ra d ien t  
u ltra -c e n tr ifu g a tio n  (C h a p te r 6). T h e  q u an tita tio n  o f  to ta l R E  in  th ese  sam p les w a s  
a p p ro p r ia te  s in ce  m o re  fra c tio n s  w e re  g e n e ra te d  re su ltin g  in  th e  re q u ire m e n t o f  a  m o re  
ra p id  an d  s e n s itiv e  m ethod .
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2 . 1 . 3 .  R E  A s s a y  B y  T h e  M e th o d  O f  R u o to lo  e t  a l .  ( 1 9 9 2 )
In  th is m e th o d , th re e  re s o lv e d  p eak s w e re  n o ted  and  th ese  c o rre sp o n d e d  to  th e  R E  
p e a k  (p re d o m in a n tly  R P , a lo n g  w ith  re t in y l s tea ra te  and  o le a te ) , R A  (in te rn a l stan d a rd )  
an d  re tin o l. T h e  R E  p e a k  w a s  a  co m p o site  o f  v a rio u s  e ste rs  o f  d iffe r in g  m o le c u la r  
w e ig h ts  and  th is w a s  q u an tita ted  in wg/ml, ra th e r than in wmol/L as u sed  in th e  R P  
a ssa y . A  ty p ic a l ch ro m a to g ra m  is  sh o w n  in  F ig u re  2 .3 .
2 . 1 . 3 . 1 .  R e a g e n ts
R P  ( 1 7 0 0 0 0 0  U S P  units/g) and  R A  (sy n th etic , 2 9 0 0 0 0 0  U S P  units/g), w e re  used . 
B o th  re a g en ts  o f  th e  a ll-tra n s  co n fig u ra tio n  an d  o f  c ry s ta llin e  p u rity , w e re  o b ta in ed  
f ro m  S ig m a  C h em ica l C o m p an y , S t. L o u is , U S A . M eth a n o l and  a c e to n itr ile , b o th  o f  
H P L C  g ra d e  an d  ace tic  ac id  o f  A n a la r  g ra d e , w e re  su p p lied  b y  F iso n s S c ie n tific  
E q u ip m en t, L o u g h b o ro u g h , U K . H P L C  g ra d e  h exan e  and  1 -c h lo ro b u ta n e  w e re  
o b ta in ed  fro m  S ig m a -A ld ric h , D o rse t, U K .
2 . 1 .3 .2 .  I n s t r u m e n t a t io n  A n d  S e t t in g s
P u m p  : S e v e rn  A n a ly t ic a l M o d e l S A  6 4 8 0  (S e v e rn  A n a ly t ic a l,  U K )
A u to s a m p le r : G y n o te k  G IN A  m o d e l 1 6 0  P re c is io n  A u to s a m p le r
C o m p u te r  s o f tw a re  : IB M  c o m p a tib le  w ith  A p e x  S o f tw a re  m o d e l 6 2 5 - 1  in te g ra te d
on  M o d e l 1 6 0  S e r ia l  C h ro m a to g ra p h y  S ig n a l In te rfa c e  
(A u to c h ro m e  In c ., M ilfo rd , U K )
F lo w  r a t e :
D e t e c t o r :
C o lu m n  :
(S e v e rn  A n a ly t ic a l,  U K )
H ich ro m  S p h e riso rb  S 5 W  (5  wm, 2 5 0  x  4 .6  m m  i.d .) , 
(H ich ro m , U K )
3 3 0  n m  on  a  R A P I S C A N  S A  6 5 0 8  m u lt iw a v e le n g th  U V / V IS  
(S e v e rn  A n a ly t ic a l,  U K )
1 m l/m in
In je c tio n  v o lu m e  : 5 0  ul
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F ig u r e  2 .3  A  ty p ica l H P L C  c h ro m ato g ram  c h a rt re c o rd in g  fo r  th e  d e term in a tio n  o f  
R E  in  b io lo g ic a l sam ples. A  co m p o site  p e a k  o f  th e  m a jo r  re t in y l e ste rs  is la b e lled  
(R E ). R e t in y l ace ta te  (R A ) w a s  ad d ed  as an  in te rn a l stan d ard .
R e te n tio n  t i m e s : R E  2 .5 5  ±  0 .0 8  m in  (m ean  ±  S D )
R A  3 .4 7  ±  0 .0 9  m in  (m ean ±  S D )  
re t in o l 8 .6 2  ±  0 .0 5  m in  (m ean  ±  S D )
2 . 1 . 3 . 3 .  P r e p a r a t io n  O f  M o b ile  P h a s e  B u f f e r
T h e  co n stitu en ts  o f  th e  m o b ile  p h ase  b u ffe r  (M P B ) w e re  h e x a n e , 1 -c h lo ro b u ta n e ,  
a c e to n itr ile  in  th e  ra tio  o f  8 2 :  1 3 :  5  v/v, re sp e c tiv e ly , w ith  1 0  u\ g la c ia l ace tic  a c id  p e r  
2 7 0  m l o f  h ex an e . T he M P B  w a s  p re p a red  fre sh  d a ily  an d  so n ica te d  u n d er v a c u u m  to  
e x p e l d is so lv e d  a ir , b e fo re  use.
2 . 1 .3 .4 .  S t a n d a r d  S o lu t io n s
S to c k  so lu tio n s  o f  R P  an d  R A  a t a  c o n cen tra tio n  o f  0 .5  mg/ml w e re  p re p a re d  in  
M P B  an d  s to re d  at 4 ° C  fo r  a  m axim u m  o f  tw o  w e e k s . A  s tan d a rd  so lu tio n  o f  R P  at 
1 2 .5  Mg/ml an d  R A  (in te rn a l stan d ard ) a t a  co n c e n tra tio n  o f  1 .2 5  Mg/ml, w e re  p re p a re d  
d a ily , in  fre sh  M P B . T h e  fin a l c o n cen tra tio n s  o f  R P  in  th e  s tan d a rd  c u rv e  w e r e  0 .6 3 ,  
1 .2 5 ,  2 .5 0  a n d  5 .0 0  Mg/ml.
2 . 1 .3 .5 .  E x t r a c t io n  P r o c e d u r e
T he e x tra c tio n  p ro c e d u re  as d esc rib ed  b y  R u o to lo  e t  a l. ( 1 9 9 2 ) ,  is as fo llo w s : 3 0 0  
ul o f  sam p le  w a s  p la c e d  in  a  2 m l g lass tube w ith  a p u sh -o n  lid  to  w h ic h  w a s a d d ed  200 
wl o f  sa lin e , 5 0 0  m1 o f  m eth a n o l and  5 0  Ml o f  R A  ( 1 .2 5  ug/ml). T h e  co n ten ts  w e re  
v o r te x  m ix ed  f o r  a fe w  seco n d s an d  p la ce d  in a  ro ta ry  w h e e l f o r  10 m in, as this  
a llo w e d  g e n tle  an d  u n ifo rm  m ixing  o f  the  co n ten ts  o f  th e  tu b es. T h e  tubes w e re  th en  
c en tr ifu g e d  a t 1 0 0 0  rp m  f o r  1 0  m in  ( 2 0 0 0  g .m in) in  a  B e c k m a n  J 6 c en trifu g e  
(B e c k m a n , U K ) . 2 0 0  Ml o f  th e  c le a r  u p p er p h ase  w a s  then  p la c e d  in to  an  a u to sa m p le r  
v ia l,  o f  w h ic h  5 0  m1 w a s  in je c te d  in to  th e  co lu m n . A  stan d a rd  c u rv e  o f  sp ik ed  p la sm a  
w a s  e x tra c te d  to g e th e r  w ith  th e  sam ples fo r  the  g en era tio n  o f  a  s ta n d a rd  c u rv e . T h e  
d a ta  h an d lin g  s o ftw a re  p a c k a g e  w a s  u sed  to  in te g ra te  th e  c h ro m a to g ra m s  an d  to  
d e te rm in e  th e  R P  an d  R A  p e a k  a re a  ra tio s . P ea k  a re a  ra tio s  o f  th e  sam ples w e re
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c o m p u te d  an d  the  R P  le v e ls  o b ta in ed  fro m  the  p lo tte d  stan d a rd  c u rv e . T a b le  2 .3  
sh o w s  th e  c o m p o s itio n  o f  stan d ard s an d  reag en ts  u sed  in the  e x tra c tio n  p ro c e d u re .
T a b le  2 .3  C o m p o sitio n  o f  stan d ard s and  reag en ts  u sed  in  the re t in y l e s te r  (R E )
e x tra c tio n  p ro c e d u re .
R P  S t d .  
(wg/ml)
P la s m a
(wl)
S a l in e
(wl)
M e th a n o l
(wl)
R A
(wl)
R P
(wl)
M P B
(wl)
B la n k 3 0 0 200 5 0 0 - - 5 0 0
B la n k +  R A 3 0 0 200 5 0 0 5 0 - 4 5 0
0 .6 3  R P 3 0 0 200 5 0 0 5 0 5 4 4 5
1 .2 5  R P 3 0 0 200 5 0 0 5 0 10 4 4 0
2 .5 0  R P 3 0 0 200 5 0 0 5 0 20 4 3 0
5 .0 0  R P 3 0 0 200 5 0 0 5 0 4 0 4 1 0
2 . I . 3 . 6 .  V a l id a t io n  E x p e r im e n ts
T h e  se ries  o f  v a lid a tio n  ex p erim en ts  w e re  c a rried  o u t b y  a  c o - w o r k e r  in  th e  
la b o ra to ry . T h e  lin e a rity  o f  the  a ssa y  w a s  d e term in ed  b y  p lo ttin g  p e a k  R P /R A  a re a  
ra tio s  a g a in st k n o w n  s tan d a rd  R P  co n cen tra tio n s . T he (m ean ±  S D )  lin e a rity  o f  
e x tra c te d  p la sm a  sam p les w a s  fo u n d  to  h a v e  a  c o rre la tio n  c o e ff ic ie n t o f  0 .9 9  ( ±  
0 .0 0 4 ;  n = 1 0 ) .  T h e  in tra -a s sa y  C V  w a s  n o ted  to be less  than  5 % , w ith  (m ean  ±  S D )  
v a lu e  o f  0 .4 4  (±  0 .0 0 5 ;  n =6) an d  C V  o f  1 .2 % . T he (m ean  ± S D )  in te r-a ssa y  C V  
o v e r  th e  w o rk in g  ra n g e  o f  the  stan d ard s w a s  4 .0 5 %  (± 1 .4 4 ) . In o rd e r  to  m in im ise  th e  
in te r-a ssa y  v a r ia b ility , a ll sam p les fro m  the sam e su b ject w e re  a n a ly se d  in  th e  sam e  
ru n . T h e  re c o v e ry  o f  R P  o v e r  th e  w o rk in g  stan d ard  c o n ce n tra tio n  ra n g e  w a s  9 6 . 9  (±  
3 .4 3 ) % . A t  th e  tim e  o f  th e  v a lid a tio n  stu d ies, th e  c o rre la tio n  c o e ff ic ie n t (r) b e tw e e n  
th e  R P  a n d  R E  m eth o d s w a s  0 .8 9  in  h ea lth y  sub jects and  0 .7 7  in  d iab e tic  su b je cts . In  
g e n era l, th e  a ssa y  re q u ire d  fe w e r  step s and  s im p ler m an ipu lations o f  th e  sam p les , w a s  
q u ic k e r to  e lu te  fro m  th e  H P L C  co lu m n , and  had  a m o re  stab le  b ase lin e . In  ad d itio n , 
th e  v a lid a tio n  p a ra m ete rs  in d ica ted  accep tab le  assa y  p e rfo rm a n c e  ch a ra c te ris tic s .
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2.2. PREPARATION OF THE TRL FRACTION
A  m o d ifica tio n  o f  the  m eth o d  o f  G ru n d y  &  M o k  ( 1 9 7 6 ) ,  w a s  u sed  f o r  th e  
p re p a ra tio n  o f  the  p la sm a  tr ia c y lg ly c e ro l-r ic h  lip o p ro te in s  (T R L ) and  in fra n a ta n t  
fra c tio n s . 3 .5  g o f  p la sm a  w a s  a c c u ra te ly  w e ig h ed  in  a 3 8  m l th ic k -w a lle d  B e c k m a n  
u ltra c en trifu g e  tu b e  an d  w a s  o v e r la y e re d  w ith  3 .5  g sa lin e  so lu tio n  (d = 1 .0 0 6  g/ml). 
T he sa lin e  so lu tio n  w a s  p re p a re d  b y  d isso lv in g  1 0 .4 9  g  o f  sod iu m  c h lo r id e  (N aC l) in  1 
li tre  o f  d is tille d  w a te r  an d  th e  d en s ity  w a s  ad ju sted  b y  th e  u se  o f  a h y d ro m e te r . T h e  
tubes w e r e  su b je c te d  to  a  sh o rt u ltra c en trifu g a tio n  sp in  at 5 . 0 x 1 0 6 g .m in . in  a  B e c k m a n
5 0 .2  T i r o t o r  ( 4 5 ,0 0 0  rp m  fo r  3 0  m in  a t 2 3 °C ). T he T R L  fra c tio n  (su p ern a ta n t), w a s  
c a re fu lly  re m o v e d , u sing  a  g lass P a s te u r p ip e tte . T he v o lu m e  o f  sa m p le  asp ira ted  w a s  
n o ted . T h is p re p a ra tio n  a llo w e d  th e  flo ta tio n  o f  la rg e r  T R L  o f  d e n s ity  le ss  than  1 . 0 0 6  
g/ml. T h e  sep a ra tio n  o f  c h y lo m ic ro n  (C M ) and  v e ry  lo w  d en sity  lip o p ro te in  (V L D L )  
p a rtic le s , w h o s e  d en s ity  ra n g e  o v e r la p , w a s  n o t ab so lu te . In ad d itio n , th e  p re p a ra tio n  
re s u lte d  in  lo ss  o f  so m e o f  th e  sm a lle r C M -rem n a n t (C M -R ) p a rtic le s . T h e  a liq u o ts  in  
th e  T R L  fra c tio n  w e re  ad ju sted  to  s tan d ard  vo lu m es and  th e  in fra n a ta n t m a d e  up  to  7  
m l w ith  0 .9 %  (w /v) N aC l. S am p les  fo r  R P  and R E  an a lysis  w e re  p ro te c te d  fr o m  lig h t 
b y  w ra p p in g  th em  in alum in ium  fo il. P re se rv a tiv e  c o c k ta il (see  b e lo w )  w a s  a d d ed  to  
a ll sam p les f o r  ap o  B - 4 8  d e term in a tio n  b y  sod iu m  d o d e c y l su lp h a te -p o ly a c ry la m id e  g e l 
e le c tro p h o re s is  (S D S -P A G E ) and e n zy m e -lin k e d  im m u n o so rb an t a s s a y  (E L IS A ).
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2 .3 .  A P O L I P O P R O T E I N  B - 4 8  P R E S E R V A T I V E  P R E P A R A T I O N
T h e c o m p o sitio n  o f  th e  p re s e rv a tiv e  c o c k ta il as d esc rib ed  b y  E d e lste in  and  S ca n u  
( 1 9 8 6 ) ,  is  sh o w n :
S to c k  S o lu t io n s  V o lu m e / 2 5 0  m l F in a l  C o n e . A m o u n t/ 5 0  m l s to c k
E D T A  ( 0 .2  M , pH  7 .4 )  4 .0  m l 1 .2  g/L 1 .2  g
C h lo ra m p h e n ic o l 0 . 1 m l  8 0m g / L  8 0  m g
(200 m g/m l)
S o d iu m  a z id e  (2 .5 % )  1 .0  m l 0 .1  g/L 0 .1  g
G en ta m ic in  su lphate  2 .0  m l 8 0  mg/L 8 0  m g
(10 m g/m l)
K a llik re in  in a c tiv a to r  0 . 1 2 5  m l 1 0 ,0 0 0  U/L 1 0 ,0 0 0  U
(a p ro tin in  - 4  T lU /m g) ( 2 .7 5  m g)
N a C l (0 .3  M , pH  7 .4 )  7 .0  m l 0 . 1 5  M  8.8 g
B e n za m id in e  (1  M ) 1 .0  wl/ml 0 . 1 6  g/L 0 . 1 6  g
N a C l m ain ta in ed  th e  a p p ro p ria te  m o la rity  o f  the  so lu tio n . S o d iu m  azid e, 
gen tam ic in  su lp h ate  an d  ch lo ra m p h en ico l p re v e n te d  b ac te ria l g ro w th  an d  inh ib ited  
s tr ic t an d  fa c u lta tiv e  a n a ero b es . E D T A  p re v e n te d  lip id  o x id a tio n  an d  c le a v a g e  o f  
p o ly p e p tid e s  b y  so d iu m  az id e , has a n tic o a g u la n t a c tiv ity , inhib its th e  ac tio n  o f  b a c te ria l 
p h o sp h o lip a se  C  an d  ch e la tes  h e a v y  m eta ls. B en za m id in e  an d  ap ro tin in  p re v e n t  tryp sin  
p ro te o ly s is .
T h e  p re s e rv a t iv e  c o c k ta il w a s  a d d e d  to  th e  ap p ro p ria te  tu b es  b e fo re  th e  ad d itio n  o f  
sa m p le  in  o rd e r  to  p ro d u c e  a  f in a l c o n c e n tra tio n  o f  5%  (v/v).
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2 .4 .  A P O  B - 4 8  D E T E R M I N A T I O N  B Y  S O D I U M  D O D E C Y L  S U L P H A T E -  
P O L Y  A C R Y L A M I D E  G E L  E L E C T R O P H O R E S I S  ( S D S - P A G E )
2 .4 . 1 .  M a t e r i a ls
P o n c ea u  R e d , T w e e n  2 0 ,  m o le c u la r w e ig h t m a rk e r p ro te in s , S D S ,  d ith io th re ito l 
(D T T ), am m o n ium  p e rsu lp h a te , te tra m eth y le th y len e d ia m in e(T E M E D ), T ris  (pH  7 - 9 ) ,  
3 -m e rc a p to e th a n o l, b io tin y la ted  g o a t a n ti-ra b b it im m u no g lo b u lin  G  (Ig G ) an d  
e x tra v id in -p e ro x id a se  co n ju g a te  w e re  a ll fro m  S ig m a  C h em ica l C o . L td ., P o o le ,  
D o rs e t. S o d iu m  ch lo rid e , E D T A , d isod iu m  h yd ro g en  p h o sp h a te  (a n h y d ro u s), 
p o ta ss iu m  d ih yd ro g e n  p h o sp h ate , u re a , g lyc in e , su cro se , tr ic h lo ro a c e tic  ac id , g ly c e ro l,  
(a ll o f  ‘A n a la r ’ g ra d e) and b ro m o p h en o l b lu e  w e re  su p p lied  b y  B D H  L a b o ra to ry  
S u p p lie s , M e rc k  L td ., L u tte rw o rth , U K . B u ta n o l and p o ta ss iu m  c h lo r id e  (b o th  
a n a ly tica l re a g e n t g ra d e) w e re  fro m  F isons S c ie n tific  E qu ip m en t, L o u g h b o ro u g h , U K .  
S o d iu m  h y d ro x id e  and  c o n c e n tra ted  h y d ro c h lo ric  ac id  w e re  o b ta in ed  fro m  M a y  an d  
B a k e r  L td ., D ag en h am , U K . P ro to g e l w a s  su pp lied  b y  N a tio n a l D iag n o stic s ,  
A y le s b u ry , U K , an d  M a rv e l m ilk  p o w d e r  w a s  fro m  T esco  S to re s  L td ., U K . T h e  
n itro c e llu lo se  m em b ran e  (B A  8 5 )  w a s  m a n u fac tu red  b y  S c h le ic h e r an d  S c h u e ll an d  
S a ra n w ra p  w a s  m a n u fa c tu red  b y  th e  D o w  C h e m ica l C o m p an y , E sse x , U K . H o e fe r  
S c ie n tific  In stru m en ts, N e w ca stle -u n d e r-L ym e , U K , su p p lied  th e  e le c tro p h o re s is  
eq u ip m en t. T h e  d en s ito m etric  sc a n n er w a s  a d u a l w a v e len g th  fly in g  sp o t C S - 9 0 0 1 P C  
m o d e l m a n u fa c tu red  b y  S h im ad zu . E n h an ced  ch em ilu m in escen ce  (E C L ) re a g e n ts  an d  
E C L  f i lm  w e re  su p p lied  b y  A m e rsh a m  In tern a tion a l, U K .
2 .4 .2 .  W o r k in g  S o lu t io n s
S a m p le  b u ffe r  ( tw o - fo ld  c o n cen tra ted ) 1 . 5 1  g  o f  T ris  w a s  d is so lv e d  in  3 5  m l o f  w a te r ,  
2 0  m l g ly c e ro l w a s  ad d ed  and ad ju sted  to  pH  6 .7 5  w ith  1 2  M  H C1. 4  g  o f  S D S , 1 0  m l 
o f  2-m e rc a p to e th a n o l and  2 m g  o f  b ro m o p h en o l b lu e  w e re  then  a d d e d  an d  m a d e  up  to  
a  f in a l v o lu m e  o f  100 m l w ith  d is tille d  w ater.
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3  M  T ris  b u ffe r  (pH  8.8). 3 6 .3  g o f  T ris  d is so lv e d  in 1 0 0  m l o f  d is tille d  w a te r ,  
a d ju s te d  to  pH  9 .8  w ith  1 2  M  HC1. T his so lu tio n  w a s stab le  f o r  se v e ra l w e e k s , s to re d  
a t 4 °C .
0 .5  M  T ris  b u ffe r  (pH  6.8). 6 .0 2  g  o f  T ris  d isso lv e d  in 1 0 0  m l o f  d is tille d  w a te r ,  
a d ju s te d  to  pH  6.8 w ith  1 2  M  H C1. T his so lu tio n  w a s stab le  f o r  s e v e ra l w e e k s , s to re d  
at 4 °C .
P B S  b u ffe r  ( 1 0 - fo ld  c o n c e n tra te d , pH  7 .4 ) .  8 0  g  o f  so d iu m  c h lo r id e , 1 1 .5  g  o f
d iso d iu m  h y d ro g e n  p h o sp h a te , 2 g  o f  p o tass iu m  ch lo rid e  and 2 g  o f  p o tass iu m  
d ih y d ro g e n  p h o sp h a te  d is so lv e d  in  1 L  o f  d is tilled  w a te r. T h e  so lu tio n  w a s  s tab le  fo r  
tw o  w e e k s  w h e n  s to re d  a t ro o m  te m p era tu re .
U rea/ SD S / d ith io th re ito l so lu tio n . 3 8 .4  g  o f  u re a , 2 4 .6  m g o f  d ith io th re ito l an d  0 . 1 6  g  
o f  S D S  w e re  d is so lv e d  in  8 0  m l o f  d is tille d  w a te r.
1 .5 %  am m o n ium  p e rsu lp h a te  so lu tio n . 0 . 1 5  g  o f  am m onium  p e rsu lp h a te  d is so lv e d  in  
10 m l o f  d is til le d  w a te r.
E le c tro d e  b u ffe r  (pH  8 .3 ) .  7 1  g  o f  g lyc in e , 1 5 .3  g  o f  T ris and  5 g  o f  S D S  d is so lv e d  in  
5  L  o f  d is til le d  w a te r.
T ra n s fe r  b u ffe r  (pH  8 .3 ) .  8 6 .4  g  o f  g lyc in e  an d  1 8 .1 5  g o f  T ris  d is so lv e d  in  6 L  o f  
d is tille d  w a te r.
P B S - M a r v e l  T w e e n  (P B S M T ) b u ffe r  (pH  7 .4 ) .  2 5  g  o f  M a rv e l m ilk  p o w d e r  an d  0 .2 5  
m l o f  T w e e n  2 0  d is so lv e d  in  5 0 0  m l o f  d is tille d  w ate r.
2 .4 .3 .  P r o c e d u r e
2 .4 .3 . I .  P r e p a r a t io n  o f  S D S - P o ly a c r y ia m id e  G e l
T h e  a ssa y  p ro c e d u re  u sed  w a s  d e v e lo p e d  b y  a  c o -w o rk e r  in o u r  re se a rc h  g ro u p  
a n d  d e sc r ib e d  in P ee l e t  a l. ( 1 9 9 3 ) .  L in ea r g ra d ien t ( 5 -2 0 % )  p o ly a c ry la m id e  g els  
w e r e  p re p a re d  w ith  a  5 %  (w /v) a c ry la m id e  re s o lv in g  g e l ( 1 6 .3 6  m l) an d  a  2 0  %  (w /v) 
a c ry la m id e  re s o lv in g  g e l ( 1 5 .0 1  m l) as sh o w n  in  T ab le  2 .4 .  T o  b o th  th e  5 %  and  2 0 %  
g e ls , 1 1 . 5  u l o f  T E M E D  w a s  ad d ed  ju s t  b e fo re  p o u rin g  th e  g e l to  in itia te  
p o ly m e risa tio n . T h e  g e l w a s  p o u re d  w ith  th e  a id  o f  g ra d ien t fo rm in g  ap p a ra tu s  
(H o e fe r  S c ie n tific  In stru m en ts, N ew ca stle -u n d e r-L ym e , U K ) . T h e  g e l w a s  th en
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o v e r la y e re d  w ith  w a te r  sa tu ra ted  b u tan o l. F o llo w in g  p o lym e risa tio n , th e  to p  o f  th e  g e l 
w a s  r in se d  s e v e ra l tim es w ith  d is tilled  w a te r. A  stack in g  g e l ( 1 4 .5 5  m l) w a s  p re p a re d  
as sh o w n  in  T a b le  2 .4 .  1 1 . 2 5  wl o f  T E M E D  w a s  ad d ed  to  the  s tack in g  g e l w h ich  w a s  
th en  p o u re d  on  to p  o f  th e  re s o lv in g  g e l using  a sy rin g e  b arre l as a fu n n e l. A  fifte e n -  
w e ll  sam p le  co m b  w a s  q u ick ly  in se rted  and  th e  g e l w a s  a llo w e d  to  p o ly m e rise . 
F o llo w in g  p o ly m e risa tio n  the  sam p le  com b w a s c a re fu lly  re m o ve d .
T a b le  2 .4  G e l m ix tu res  fo r  th e  stack in g , the 5  %  an d  2 0  %  re s o lv in g  g e ls  fo r  
S D S -P A G E
R e so lv in g  G e ls S ta c k in g  G e l
5 % 20%
S u c ro s e - 2 .2 5  g -
T ris  b u ffe r 1 .8 5  m l 1 .8 5  m l 3 .7 5  m l
P ro to g e l 2 .5  m l 10 m l 1 .8 5  m l
U rea/ SD S/ D T T 1 .5  m l 1 5 0  Ml 0 .3  m l
1 .5 %  (w /v) A P S 0 .3 5  m l 0 .3 5  m l 1 . 1 5  m l
W a te r 10.1 m l 1 .3 5  m l 7 .5  m l
SDS  =  sodium dodecyl sulphate; DTT  = dithiothreitol; APS  =  ammonium 
persulphate solution
2 .4 .3 .2 .  E le c t r o p h o r e s is  S a m p le  P r e p a r a t io n
1 0 0  Ml o f  sam p le  and  m o le c u la r  w e ig h t m a rk ers  w e re  m ix ed  w ith  3 0 0  Ml o f  sam p le  
b u ffe r  ( tw o - fo ld  c o n c e n tra ted ) in  an E p p e n d o rf tu b e  and  h ea ted  a t 9 5 ° C  f o r  2  m in  to  
d e n a tu re  th e  p ro te in s . T he tu b es w e re  then c en trifu g e d  a t 1 3 0 0 0  rp m  f o r  2  m in  ( 2 .1  x  
1 0 4 g .m in) to  sep a ra te  in so lu b le  m ate ria l. 6 0  Ml o f  sam p le  w a s  then  lo a d e d  in to  each  
la n e  w ith  th e  a id  o f  g e l lo a d in g  tips. 2 0  Ml o f  the  m o le c u la r w e ig h t m a rk e r  w a s  lo a d e d  
in  o n e  o f  th e  lan es.
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2.4.3.3. Electrophoresis
T h e u p p er e le c tro d e  ch am b er w a s  a ttach ed  to  the  g e l c a sse tte  an d  th e  lo w e r  
c h a m b e r w a s  fi lle d  w ith  3 .5  L  o f  e le c tro d e  b u ffe r. E lec tro p h o re sis  w a s  c a rrie d  o u t a t  
3 0  m A  u n til th e  b ro m o p h en o l b lu e  m a rk e r re a ch e d  the re s o lv in g  g e l a f te r  w h ich  th e  
c u rre n t  w a s  ra ise d  to  6 0  m A . W h e n  th e  d y e  re a c h e d  the b o tto m  o f  the  re s o lv in g  g e l 
(a fte r  a b o u t 3  h r) th e  p o w e r  w a s  sw itc h ed  o ff. T h e  gel w a s  then  re m o v e d  fro m  th e  
a p p ara tu s  an d  e le c tro tra n s fe rre d  fo r  im m u n o d etec tio n .
2 .4 .3 .4 .  E le c t r o t r a n s f e r
T h is is b a se d  o n  th e  m eth o d  f i r s t  d esc rib ed  b y  T o w b in  e t  al. ( 1 9 7 9 ) .  T h e  g e l w as  
c a re fu lly  p la c e d  o n to  th e  f i lte r  p a p e r  an d  an y  a ir  bubbles w e re  sm o o th ed  o u t. A  p iec e  
o f  n itro c e llu lo se  m em bran e  w a s  c u t to  s ize  an d  c a re fu lly  p la c e d  o n to  the  g e l, 
sm o o th in g  o u t a ir  b u b b les. A  c a sse tte  w a s  u sed  to  c lam p th e  w h o le  san d w ich  to g e th e r  
an d  p la c e d  in  a  ta n k  fille d  w ith  tra n s fe r  b u ffer. E le c tro tra n s fe r  w a s  c a rrie d  o u t fo r  1 7  
h r  at a  c o n s ta n t v o lta g e  o f  5 0  V .
2 .4 .3 .5 .  I m m u n o s ta in in g  o f  t h e  N itro c e llu lo s e
T h e  tra n s fe r  c a sse tte  w a s  d ism an tled  an d  the  n itro c e llu lo se  m em b ran e  w as  
im m e rs e d  in  P o n c ea u  R ed  sta in  fo r  1 m in  to  n o te  th e  ap p earan ce  o f  p ro te in  b an d s. T h e  
e x c e ss  sta in  w a s  th en  w a sh ed  o f f  w ith  d istilled  w a te r. In cu b atio n  steps w e re  c a rrie d  
o u t b y  ad d in g  so lu tio n s  to  a h yb rid isa tio n  tu b e  ro ta tin g  o n  a  r o l le r  m ixer. T h e  
u n o c c u p ie d  sites  o n  the  m em bran e  w e re  b lo c k e d  b y  in cu b atio n  w ith  2 x  20 m l o f  
P B S M T  f o r  1 h r w ith  o n e  ch an g e  a f te r  3 0  m in. T he m em bran e  w a s  then  in cu b a ted  
seq u e n tia lly  w ith  1 5  m l o f  p rim a ry  an d  seco n d ary  an tib o d ies d ilu te d  in  P B S . T h ese  
an tib o d ies  w e re  1 5  m l o f  ra b b it an ti-a p o  B -4 8  ( 1 : 1 0 0 0 )  and  1 5  m l o f  b io tin y la te d  g o a t  
an ti-ra b b it Ig G  ( 1 : 1 0 0 0 ) .  A t  a  te r tia ry  stage, 1 5  m l o f  e x tra v id in -p e ro x id a se  c o n ju g a te  
( 1 : 1 0 0 0 )  w a s  ad d ed . T his w a s  n e c e ssa ry  to  b ind  and  lab e l th e  b io tin y la ted  se c o n d a ry  
an tib o d y . E ach  in cu b a tio n  w ith  an  an tib o d y  w a s  fo r  1 h o u r an d  se p a ra ted  b y  6 x  5  m in  
w a sh es  w ith  P B S M T . F o llo w in g  ad d itio n  o f  the  e x tra v id in -p e ro x id a se  c o n ju g a te , the
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m em b ran e  w a s  w a sh ed  fo u r  tim es w ith  P B S M T  and tw ic e  w ith  P B S . T h e  m em b ran e  
w a s  then  re m o v e d  fro m  the tu b e  an d  im m ersed  in  P B S  in  a tray .
2 .4 .3 .6 .  E n h a n c e d  C h e m ilu m in e s c e n c e  D e te c tio n
T h e P B S  in  th e  tra y  w a s  p o u re d  o f f  an d  the  E C L  re a g en t w a s  p ip e tte d  e v e n ly  o v e r  
th e  su rfa c e  o f  th e  m em brane. A f te r  p re c ise ly  6 0  seco n d s e x cess  re a g e n t w a s  p o u re d  
o f f  an d  th e  m em b ran e  w a s  p la c e d  on  a  p iec e  o f  S a ra n w ra p  film , an d  p la c e d  in  a  
p h o to g ra p h ic  film  casse tte . A  p iec e  o f  p re -fla sh e d  E C L  film  w a s  e x p o s e d  to  th e  
m em b ran e  an d  then  d e v e lo p e d  u sing  an au to m atic  d e v e lo p in g  m ach in e .
2 .4 .3 .7 .  D e n s ito m e tr ic  S c a n n in g
D e n sito m e tric  scann ing  w a s  p e rfo rm e d  using  a fly in g  sp o t sca n n er se t  a t 5 5 0  m m . 
T h e  ban d  w e re  scan n ed  in a z ig zag  m o d e  and th e  in tensity  o f  th e  bands w a s  d isp la y ed  
o n  th e  in s tru m e n t p rin to u t.
2 .4 .4 .  A s s a y  C h a r a c te r i s t ic s
A n  a liq u o t o f  a  stan d a rd  T R L  sam p le  w a s  u sed  as in te rn a l s tan d a rd . T h e  
d e n s ito m e try  o f  th is w a s  a rb itra rily  se t a t 1 0 0 %  and th e  o th e r  ap o  B - 4 8  v a lu e s  w e re  
e x p re sse d  as a  p e rc en ta g e  o f  this v a lu e . D iffe ren t q uantities o f  th e  in te rn a l s tan d a rd  
w e r e  u sed  to  d e term in e  lin ea rity  o f  re sp o n se  in  o rd e r  to  estab lish  a  w o rk in g  ra n g e  fo r  
th e  assay . T h e  in tra - and  in te r-a ssa y  C V s  w e re  2 8 .3 %  an d  2 2 .3 % . A n  e x a m p le  o f  a  
ty p ic a l e le c tro p h o re tic  run  is sh o w n  in  F ig u re  2 .4 .
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F ig u r e  2 .4  A n  ex am p le  o f  th e  p o stp ran d ia l p a tte rn  a fte r  S D S / P A G E  o f  th e  T R L  
f ra c tio n  fo llo w in g  W e s te rn  b lo ttin g  and  v isu a lisa tio n  b y  E C L . L an e  1 - th e  m o le c u la r  
m ass m a rk ers . L an e  2  - in te rn a l stan d ard , L anes 3  - 1 3  p o s tp ra n d ia l T R L  p ro fi le  o f  
s tu d y  su b ject.
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2 .5 .  A P O  B - 4 8  E N Z Y M E  L I N K E D  I M M U N O S O R B A N T  A S S A Y  ( E L I S A )
2 .5 . 1 .  R e a g e n ts
N a2C 0 3, N a H C 0 3, N a C l, N a2H P04, K C 1, K H 2P O 4, hum an seru m  album in  (H S A ) ,  
c itric  ac id , 3 , 3 ’ , 5 , 5 ’ te tra m e th y l b enzid in e  (T M B ) sto ck , d im eth y l fo rm a m id e  (D M F ), 
H C 1 an d  H20 2 ( 3 0 %  v/ v )w e re  a ll su p p lied  b y  S ig m a -A ld ric h , U K . T w e e n  2 0  w a s  
su p p lied  b y  B D H  L a b o ra to ry  su p p lies, L u tte rw o rth , U K , g e la tin  b y  F iso n s S c ie n tific  
E q u ip m en t, L o u g h b o ro u g h , U K  an d  th e  N U N C  M a x iso rp  m ic ro titre  p la te  fro m  N unc, 
R o s k ild e , D en m ark . T h e  d o n k e y  an ti-rab b it an tib o d y  h o rse -ra d ish  p e ro x id a se  
(H R P O )-co n ju g a te  w a s  su p p lied  b y  G u ild h a y , G u ild fo rd , U K , p o rc in e  th y ro g lo b u lin  by  
S ig m a  C h em ica ls , P o o le , U K , an d  N -su ccin im id y l 3 -(2 -p y r id y ld ith io )  p ro p io n a te  
(S P D P ) fro m  F lu k a  B io ch im ik a , S w itz e rla n d .
H um an ly m p h  stan d a rd  (fro m  a p a tie n t w ith  c h y lo th o ra x ) w a s  su p p lied  b y  D r. J  
W r ig h t  (R o y a l S u r re y  C o u n ty  H o sp ita l, G u ild fo rd , U K ) . T his w a s  t re a te d  w ith  
p re s e rv a t iv e  5 %  (v/v), as g iv e n  in  sec tio n  2 .3  o f  th is ch ap ter, and fro z e n  in  a liq u o ts  a t - 
2 0 ° C . T h e  q u an tita tio n  o f  o f  th e  ab so lu te  am ounts o f  ap o  B -4 8  an d  ap o  B - 1 0 0  in  the  
ly m p h  s tan d a rd  w a s  acco m p lish ed  b y  D r  F  K a rp e , b y  S D S -P A G E  sep a ra tio n  fo llo w e d  
b y  C o o m a ss ie  b lu e  sta in in g  (K a rp e  &  H am sten , 1 9 9 4 ) .  T he v a lu e s  f o r  a p o  B - 4 8  an d  
ap o  B - 1 0 0  in  th e  ly m p h  stan d ard  w e re  1 9 .1  ug/ml an d  4 2 .9  Mg/ml, re sp e c tiv e ly .
2 .5 .2 .  W o r k in g  R e a g e n ts
C o a tin g  B u f fe r  - 0 .1  M  b ica rbonate/carbonate  b u fffe r  w a s  p re p a re d  b y  th e  ad d itio n  
o f  3 . 1 8  g  o f  N a2C 0 3 an d  5 .8 8  g  o f  N a H C 0 3 m ad e  up to  1 li tre  w ith  d is til le d  w a te r  an d  
a d ju s te d  to  a  pH  o f  9 .6 .  T h is  w a s  s to re d  a t 4°C .
S to c k  B u ffe r  - (x lO  P B S )  0 .5  M  p h o sp h ate  b u ffe re d  sa lin e  w a s  p re p a re d  b y  th e  
a d d ito n  o f  1 6 0  g N a C l, 5 8  g  N a2H P 0 4, 4  g  K C 1 and  4  g  K H 2P 0 4 an d  m a d e  u p  to  2 
li tre s  w ith  d is tille d  w a te r  and a d ju ste d  to  pH  7 .4 .  T his w a s  s to re d  a t ro o m  
te m p e ra tu re .
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W a s h  and  d ilu e n t b u ffe r  - w a s  p re p a re d  b y  th e  ad d itio n  o f  1 0 0  m l s to c k  b u ffe r  (x lO  
P B S ) , 0 .5  m l T w e e n  2 0  an d  1 .0  g g e latin  m ade up to  1 litre  w ith  d is tille d  w a te r . This 
w a s  p re p a re d  fre sh  d a i ly  b e fo re  use.
S ta n d a rd  d ilu en t - w a s  p re p a red  b y  the  ad d itio n  o f  3 5  m g  H S A  p e r  m l o f  P B S .  
T h is w a s  p re p a re d  fre sh  d a i ly  b e fo re  use.
S u b s tra te  b u ffe r  - w a s  p re p a red  b y  the  ad d itio n  o f  3 .5 5  g  N a2HPC>4 an d  2 .6 1  g  
c itr ic  a c id  m a d e  up to  5 0 0 0  m l w ith  d is tille d  w a te r  an d  sto red  at 4 °C .
S u b s tra te  s to c k  - 3 , 3 ’ , 5 , 5 ’ , te tra m e th y l benzid ine (T M B  s to ck ) w a s  p re p a re d  by  
th e  a d d itio n  o f  2 0  m g  T M B  p e r  m l o f  D M F  and  sto re d  at 4°C .
S u b s tra te - (T M B ) w a s  p re p a re d  b y  the  ad d itio n  o f  1 0 0  ul su b stra te  s to c k  an d  1 6  wl 
H20 2 ( 3 0 %  v/v) d is so lv e d  in  2 0  m l su b stra te  b u ffe r . T his w a s  m a d e  w ith in  1 5  m in  o f  
u sag e .
S to p - 1 M  H C 1 a t pH  2 .2 ,  w a s  p re p a re d  b y  the  d ilu tion  o f  5 0  m l c o n e  H C 1 in  5 0 0  
m l d is tille d  w a te r.
C o a tin g  c o n ju g a te  - h ep tap e p tid e  ( 2 1 2 n)-S P D P -th y ro g lo b u lin  co n ju g a te .
A  h e p ta p e p tid e  co n s is tin g  o f  an N -term in al cys te in e  re s id u e  a tta ch ed  to  th e  C -te rm in a l 
h e x a p e p tid e  (H3N +-C y s-L e u -G ln -T h r-T y r-M e tT le -C O O ') , e q u iv a le n t to  re s id u e s  2 1 4 7 -  
2 1 5 2  o f  ap o  B - 4 8 ,  w a s  c u sto m  syn th esized  b y  th e  N atio n a l In stitu te  o f  M e d ic a l  
R ese a rch  (M ill  H ill, L o n d o n , U K ).
T h e  c o a tin g  c o n ju g a te  w a s  p re p a red  b y  co n ju g a tin g  this C -te rm in a l h ep ta p e p tid e  to  
p o rc in e  th y ro g lo b u lin , u s in g  S P D P . T his w a s  p e rp a red  b y  a c o - w o rk e r  in  th e  
la b o ra to ry , a t th e  U n iv e rs ity  o f  S u rre y .
T h is  c o a tin g  c o n ju g a te  w a s  s to re d  a t -2 0 ° C  an d  d ilu ted  in  c o a tin g  b u ffe r  ( 0 .1  M  
b ica rb o n ate/ ca rb o n ate  b u ffe r)  at a  d ilu tio n  o f  1 : 8 0 0 0 ,  b e fo re  use.
S ta n d a rd - L y m p h  p rep a ra tio n . T h is is s to re d  in a liq u o ts  a t - 2 0 ° C  an d  d o u b le  d ilu te d  
in  s ta n d a rd  d ilu e n t (3 5  mg/ml H S A  in  P B S )  to  p ro d u c e  a  9  p o in t s ta n d a rd  c u rv e  ( 1 : 1 -  
1 :2 5 6 ) .
A p o  B -4 8  a n tise ra - 2 0 0 9  ( 1  b o o s t + 1 3  d ays). T his w a s s to re d  a t  4 ° C  an d  d ilu te d  
in  P B S G T  a t a  d ilu tio n  o f  1 : 1 2 5 ,0 0 0 .
S e c o n d a ry  an tib o d y - D o n k e y  an ti-rab b it H R P O  co n ju g a te . T his w a s  s to re d  a t 4 °C  
an d  d ilu te d  in  P B S G T  at a  d ilu tio n  o f  1 :4 0 ,0 0 0 .
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2.5.3. Procedure
T h e in n e r 6 0  w e lls  o f  a  N U N C  M a x iso rp  m ic ro titre  p la te  w e re  c o a te d  w ith  1 0 0  ul 
o f  c o a tin g  c o n ju g a te  a t a  fin a l d ilu tio n  o f  1 : 8 0 0 0  in 0 .1  M  b ica rb o n ate/ carb o n ate  
b u ffe r , pH  9 .4 .  T his w a s  in cu b a ted  at 4 °C  o v e rn ig h t in  a  h um id  c o n ta in e r. A f te r  
w a sh in g  w ith  0 .0 5  M  p h o sp h a te  b u ffe re d  sa lin e  (P B S ) co n ta in in g  0 .0 5 %  (v/v) T w e e n  
2 0  an d  0 .1 % (w / v )  g e la tin  pH  7 .6  (P B S G T ) th e  p la te  w a s  b lo ck e d  b y  in cu b a tio n  w ith  
1 2 0  ul o f  P B S G T  at 3 7 ° C  fo r  1 h r. T h e  w e lls  in  th e  m ic ro titre  p la te  w e r e  th en  em p tied  
to  re c e iv e  th e  p re -in cu b a ted  sam ples (see  b e lo w ). S u b seq u en t in cu b atio n s  w e re  a t  
3 7 ° C , u n less  o th e rw ise  s ta ted  an d  a ll w a sh in g  step s u sed  P B S G T .
A  9 -p o in t  s tan d a rd  c u rv e  w a s  p re p a re d  b y  d o u b le  d ilu tio n  o f  th e  n e a t s tan d a rd  
ly m p h  in  3 5  m g  H SA /m l in P B S , re su ltin g  in  a c o n cen tra tio n  ra n g e  o f  a p o  B - 4 8  fro m
1 9 . 1  Mg/ml to  7 0  ng/ml. P o o le d  p la sm a sam ples w e re  c o lle c te d  fro m  fa s tin g  
in d iv id u a ls  f o r  th e  lo w  co n c e n tra tio n  o f  apo  B - 4 8  q u a lity  c o n tro l ( L o w  Q C ) and  p o s t ­
p ra n d ia l sam p les fo r  m ed ium  Q C  an d  h igh Q C  sam ples. T h e  9 -p o in t stan d a n d  c u rv e ,  
th e  3  u n d ilu ted  q u a lity  c o n tro ls  an d  th e  u n d ilu ted  T R L  sam ples w e re  p re -in c u b a te d  
w ith  e q u a l v o lu m e s  o f  the  sp ec ific  an ti-ap o  B -4 8  an tise ra  (a t a f in a l d ilu tio n  o f  
1 : 2 5 0 ,0 0 0 )  a t  am b ien t te m p e ra tu re  f o r  1 h r. A f te r  this p re -in cu b a tio n  step , 1 0 0  ul o f  
th e  s ta n d a rd s , Q C s an d  sam ples w e re  ad d ed  in  d u p lica te  to  th e  a p p ro p ria te  w e lls  on  
th e  m ic ro titre  p la te  and  in cu b ated  f o r  2  h r. F ig u re  2 .5  sh o w s th e  ty p ica l la y o u t  o f  th e  
E L I S A  p la te . T h e  p la tes  w e re  then  w a sh ed  and  1 0 0  ul o f  the  se c o n d a ry  an tib o d y-  
e n z y m e  c o n ju g a te  i.e . d o n k e y  an ti-ra b b it an tib o d y  co n ju g a ted  to  H R P O  b y  th e  m e th o d  
o f  B e y z a v i e t  al. ( 1 9 8 7 ) ,  w a s  ad d ed  to  the  p la te  a t a  fin a l d ilu tio n  o f  1 : 4 0 ,0 0 0 .  T h e  
p la te  w a s  in cu b a ted  f o r  a  fu r th e r  2  h r, w a sh ed  an d  1 0 0  ul o f  T M B  su b stra te  w a s  a d d ed  
to  e a c h  w e ll  a n d  th e  p la te  in cu b a ted  f o r  3 0  m in. T he re a c tio n  w a s  then  s to p p e d  b y  th e  
ad d itio n  o f  5 0  ul o f  1 M  H C 1 an d  th e  ab so rb an ce  w a s  im m ed ia te ly  re a d  on  an  
a u to m a te d  E L I S A  p la te  sp ec tro p h o to m ete r (L a b sy ste m s, B a s in g s to k e , U K )  a t 4 5 0  nm . 
A  sta n d a rd  c u rv e  w a s  c o n s tru c te d  an d  th e  am o u n t o f  ap o  B - 4 8  w ith in  th e  Q C s an d  
sam p les w a s  d e te rm in e d  b y  rea d in g  o f f  this stan d a rd  c u rv e . F ig u re  2 .6  sh o w s  a  
sch em atic  re p re se n ta tio n  o f  th e  step s in v o lv e d  in  th e  E L I S A  p ro c e d u re . F ig u re  2 .7  
sh o w s  an  e x a m p le  o f  a  ty p ic a l s tan d a rd  c u rv e  g en era ted  fro m  th e  n in e  p o in t hum an  
ly m p h  stan d ard .
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2.5.4. Validation of Assay
A l l  ro u tin e  v a lid a tio n  tests  on  th e  p e rfo rm a n c e  o f  E L I S A  in  th e  T R L  fra c tio n , w a s  
c a rr ie d  o u t b y  a  c o - w o rk e r  in the  la b o ra to ry . T he sen sitiv ity  o f  th e  E L I S A , as d e fin ed  
b y  2  S D  fro m  th e  b la n k  v a lu e , w a s  fo u n d  to  be 1 0  ng/ml. T h e  re c o v e ry  o f  sp ik e d  
sam p les w ith  a p o  B -4 8  in the  ra n g e  o f  2 0 .0  - 5 .7 0  Mg/ml sh o w e d  re c o v e ry  o f  1 0 2  ±  
1 0 %  (m ean  ± S D ). T he E L I S A  sh o w e d  m inim al c ro s s -re a c tiv ity  to  o th e r  p ro te in s , 
in c lu d in g  ap o  B - 1 0 0 ,  up  to a co n c e n tra tio n  o f  1 .1  m g/m l. T h e  E L I S A  a ssa y  h ad  (m ean  
±  S D ) in tra -  an d  in te r-a ssa y  C V s  o f  3 .8  (± 0 .6 5 ) %  and 8.6 (± 0 .9 6 ) % ,  re s p e c tiv e ly .  
T h e c o rre la t io n  c o e ff ic ie n t (m ean  ±  S D ) b e tw een  th e  E L I S A  an d  th e  S D S - P A G E  
system s w a s  fo u n d  to  be 0 .7 4  (±  0 . 1 0 ) .  (L o v e g ro v e , J .,  Is h e rw o o d , G ., Ja c k s o n , K .,  
W illia m s , C .M . &  G o u ld , B .J .,  u n p u b lish ed  data).
F ig u r e  2 .5  A p o  B - 4 8  E L I S A  p la te  la y o u t
T h e  o u te r  r im  o f  w e lls  w a s  n o t used .
A l l  s tandards a n d  sam p les ru n  in  d u p lica te . 
S 1 - 9  s tan d a rd  c o n c e n tra tio n  in  ug)m l
U l - 1 7  u n k n o w n  sam p les
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Figure 2.6 Principle steps of t he a p o  B - 4 8  E L I S A
.ELISA well
Hapten (thyroglobulin-peptide conjugate)
After blocking, addition of a 
pre-incubated sample i.e. apo B-48 
antibody and a postprandial sample 
(A = low A p o  B-48 and B =  high A p o  B-48 
content)
6  i
r n n
A B
Incubation with 
secondary antibody i.e.
enzyme-labelled 
donkey anti-rabbit IgG
E n z y m e  substrate (TMB) 
added.
W 1 r
Optical density measured is inversely proportional to the 
concentration of apo B-48 in the postprandial samples.
(After each stage the ELISA plates were washed with 
PBSGT and dried)
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2 .6 .  A U T O M A T E D  A N A L Y S E S  O N  T H E  C O B  A S  M I R A  P L U S
G lu c o s e , N E F A , c h o le s te ro l an d  T A G  m easu rem en ts w e re  c a r r ie d  o u t by  
seq u en tia l en zym a tic  an a lys is , w ith  a p o  A -I  and  to ta l ap o  B  m e a su rem en ts  by  
im m u n o tu rb id im etry , o n  an  au to m a te d , ra n d o m  access, cen trifu g a l a n a ly se r, th e  C o b as  
M ira  P lu s (R o c h e  D iag n o stics  L td ., W e lw y n  G ard en  C tiy , U K ) . T h e  g en era l 
p rin c ip le s  o f  the  o p e ra tio n  o f  the  a u to a n a ly se r is g iven  in  F ig u re  2 .a , in  A p p e n d ix  I. 
D e te rm in a tio n  o f  th e  a n a ly tes  in p la sm a, T R L  and in fran a ta n t fra c tio n s  w e r e  a ll c a rr ie d  
o u t u n d e r id en tica l a ssa y  co n d itio n s . T h e  T R L  and in fran a ta n t v a lu es  w e r e  then  
c o r re c te d  f o r  v o lu m e  d iffe ren c e s  an d  e x p re sse d  as c o n cen tra tio n s  p e r  m l o f  p lasm a. 
A p p ro p r ia te  ass ig n ed  e x te rn a l Q C  sam ples w e re  m ea su red  at re g u la r  in te rv a ls  b e tw e e n  
su b je c t sam p les.
2 . 6 . 1 .  T r i a c y lg ly c e r o l  ( T A G )
2 . 6 . 1 . 1 .  R e a g e n ts
W o rk in g  re a g e n t: U n im a te  5  T R IG  R e a g e n t k it  (R och e).
C a lib ra to r : L ip id  C o n tro l S e ru m  (R o ch e).
Q u a lity  c o n tro l: S e ro n o rm  L ip id  (N yco m ed , B irm in g h a m , U K ).
2 .6 . 1 .2 .  P r in c ip le
T h is  w a s  an e n z y m a tic , c o lo r im e tric  m eth o d  b ased  on  the  fo llo w in g  p rin c ip le :
T A G  ► G ly c e r o l  + F re e  fa t ty  a c id s
G ly c e r o l  + A T P  “  + G ly c e ro l-3 -p h o s p h a te  +  A D P
G ly c e ro l-3 -p h o s p h a te  + 0 2  " —  ► D ih ydroxyacetone p h o sp h a te  + H20 2
T h e  f i r s t  re a c tio n  is  c a ta ly se d  b y  lip o p ro te in  lip ase , th e  seco n d  b y  g ly c e ro l k in ase  
an d  th e  th ird  re a c tio n  b y  g ly c e r o l  p h o sp h a te  o x id ase .
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In th e  p re se n c e  o f  p e ro x id a s e , th e  h y d ro g e n  p e ro x id e  fo rm e d  a ffe c ts  th e  o x id a tiv e  
c o u p lin g  o f  4 -c h lo ro p h e n o l and  4 -a m in o p h e n a z o n e  to  fo rm  a  re d  c o lo u re d  
q u in o n e m id e  d e r iv a tiv e . T h e  in ten s ity  o f  th e  c o lo u r  fo rm e d  is  d e te rm in e d  a t 5 0 0  nm , 
a n d  is  p ro p o r t io n a l to  th e  T A G  co n c e n tra tio n .
T h e  lin e a r lim its  on  th e  C o b as  M ira  P lus f o r  th e  T A G  assa ys  w a s  q u o te d  as 8 
m m ol/L . S e ro n o rm  L ip id  w ith  an  assig n ed  v a lu e  o f  2 .2  m m ol/L w a s  u se d  as th e  Q C  
m a te ria l. T his w a s  a ssa y e d  w ith in  each  ru n  and the  in tra -a ssa y  C V  w a s  2 .9 %  w ith  an  
in te r -a s s a y  C V  o f  4 .6 % .
2 .6 .2 .  G lu c o s e
2 . 6 . 2 . 1 .  R e a g e n ts
W o rk in g  R ea g en t: U n im a te  5  G lu c o s e  H K  R e a g e n t k i t  (su p p lied  b y  R o c h e) .
C a lib ra to r : C a lib ra to r  1 (R o ch e ).
Q u a lity  C o n tro l: C o n tro l S e ru m  N  (R o c h e).
2 .6 .2 .2 .  P r in c ip le
P la s m a  g lu c o se  le v e ls  in  v e n o u s  b lo o d  w e re  d e te rm in e d  b y  the h e x o k in a se  m eth o d .
D -G lu c o s e  + A T P  D -g lu c o s e -6-P h o sp h a te  +  A D P
D -G lu c o s e -6-P h o sp h a te  + N A D  ► D -G lu c o n a te -6-P h o sp h a te  + N A D H  + H +
T h e  e n zy m e , h e x o k in a se  c a ta ly se s  th e  f ir s t  re a c tio n  and  g lu c o s e -6-p h o sp h a te  
d e h y d ro d g e n a se  c a ta ly se s  th e  seco n d  re a c tio n . T he c o n c e n tra tio n  o f  N A D H  fo rm e d  is 
d ire c t ly  p ro p o r t io n a l to  th e  g lu c o se  c o n c e n tra tio n  and  is d e te rm in ed  p h o to m e tr ic a lly  a t  
3 4 0 n m .
T h e  lin e a r lim its  on  th e  C o b a s  M ira  P lus f o r  the  g lu c o se  assays  w a s  q u o te d  as 3 3  
m m ol/L . C o n tro l se ru m  N  w ith  an  a ss ig n ed  ra n g e  o f  4 . 4 0 - 5 . 1 6  m m ol/L  w a s  u se d  as  
th e  Q C  m a te ria l. T h is w a s  a s s a y e d  w ith in  e a ch  ru n  an d  th e  in tra -a ssa y  C V  w a s  1 .5 %  
w ith  an  in te r-a s s a y  C V  o f  2 .9 % .
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2.6.3. Non-Esterified Fatty Acids (NEFA)
2 .6 . 3 . 1 .  R e a g e n ts
W o rk in g  R e a g e n t: W a k o  N E F A  C  te s t k it.
C a lib ra to r : N E F A  C -k it  (W a k o ).
Q u a lity  C o n tro ls : N E F A -C  k it  (W a k o ).
2 .6 .3 .2 .  P r in c ip le
T h is  w a s  an e n z y m a tic , c o lo r im e tric  m eth o d  b a se d  on  the  fo llo w in g  p rin c ip le :  
T re a tm e n t o f  p la sm a  N E F A  w ith  a c y l-c o A  syn th e ta se  ( A C S ) ,  in  th e  p re se n c e  o f  
a d e n o s in e  tr ip h o sp h a te  (A T P ) , m ag n esiu m  ca tio n s  (M g 2+) an d  c o e n z y m e  A  (c o A ) ,  
p ro d u c e s  th e  fo l lo w in g  re a c tio n :
M g 2 +
N E F A  + A T P  + C o A  *Ac y l- C o A  + A M P  + P P i
A C S
A c y l- c o A  o x id a se  is th en  ad d ed , p ro m o tin g  th e  o x id a tio n  o f  th e  a c y l-c o A , to  p ro d u c e  
h y d ro g e n  p e ro x id e . In th e  p re se n c e  o f  ad d ed  p e ro x id a se , th e  h y d ro g e n  p e ro x id e  
a llo w s  th e  o x id a tiv e  c o n d e n sa tio n  o f  3 -m e th y l-N -e th y l-(B -h y d ro x y e th y l) -a n ilin e  
(M E H A ) w ith  4 -a m in o -a n tip y rin e . T his co n d en sa tio n  re su lts  in th e  fo rm a tio n  o f  a  
p u rp le  c o lo u re d  a d d u c t, w h ic h  can  be d e te rm in ed  p h o to m e tr ic a lly  a t  5 5 0  nm , an d  is 
p ro p o r t io n a l to  th e  N E F A  c o n c e n tra tio n .
T h e  lin e a r lim its  on  th e  C o b a s  M ira  P lu s f o r  th e  N E F A  a ssa y  w a s  q u o te d  as 2  
m m ol/L . T h e  N E F A  C -k it  Q C  w ith  an  a ss ig n ed  v a lu e  o f  0 .5 0  m m ol/L w a s  u sed . T his  
w a s  a ssa y e d  w ith in  e a ch  ru n  an d  th e  in tra -a ssa y  C V  w a s  4 .3 %  w ith  an in te r-a s s a y  C V  
o f  8 .9 % .
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2.6.4. Cholesterol
2 .6 . 4 . 1 .  R e a g e n ts
W o rk in g  R ea g en t: U n im a te  5  C H O L  R e a g en t k it  (R och e).
C a lib ra to r : L ip id  C o n tro l S e ru m  (R o ch e).
Q u a lity  C o n tro l: S e ro n o rm  L ip id  (N yco m ed ).
2 .6 .4 .2 .  P r in c ip le
T h is  w a s  an e n z y m a tic , c o lo rim etric  m eth o d  b ased  o n  the  fo llo w in g  p rin c ip le :
C h o le s te ro l e s te r  +  H 20   ► C h o le s te ro l + F re e  fa t ty  ac id s
C h o le s te ro l + 0 2------------- ► D4-c h o le s te n -3 -o n e  + H20 2
T h e  f i r s t  re a c tio n  w a s  c a ta ly se d  b y  c h o le s te ro l e s te ra se  and  th e  sec o n d  b y  c h o le s te ro l  
o x id a se . In th e  p re se n c e  o f  p e ro x id a se , the  h y d ro g en  p e ro x id e  fo rm e d  a ffe c ts  th e  
o x id a tiv e  c o u p lin g  o f  4 -a m in o p h e n a z o n e , to  fo rm  a  re d  c o lo u re d  q u in o n e im in e  
d e r iv a t iv e . T h e  c o lo u r  in ten sity  o f  th is c o m p o u n d  is p ro p o rtio n a l to  th e  c h o le s te ro l 
c o n c e n tra t io n  a n d  is d e te rm in ed  b y  m ea su rin g  the  ab so rb an ce  a t 5 0 0 n m .
T h e  lin e a r lim its  on  th e  C o b a s  M ira  P lus f o r  the  c h o le s te ro l a ssa y  w a s  q u o te d  as 1 8  
m m ol/L. S e ro n o rm  L ip id  Q C  w ith  an ass ig n ed  v a lu e  o f  7 .8  m m ol/L w a s  u sed . T his  
w a s  a ssa y e d  w ith in  each  ru n  and  th e  in tra -a ssa y  C V  w a s  2 .8 %  w ith  an  in te r-a ssa y  C V  
o f  5 .9 % .
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2.6.5. Apolipoproteins A-I and B
2 .6 . 5 . 1 .  R e a g e n ts
T h e  ‘T ’ a n tise ru m  ap o  A - I , apo  B  (re a d y  f o r  u se) an d  ‘T ’ s tan d a rd  a p o lip o p ro te in s  (to  
d is s o lv e  in  0 .5  m l d is tille d  w a te r)  w e re  p ro v id e d  in  th e  U n i-k it p a c k  (R o c h e ) . ‘T* 
c o n tro l A p o lip o p ro te in s  (R o ch e) w e re  u sed  as q u a lity  c o n tro l sa m p le s .
2 .6 .5 .2 .  P r in c ip le
A n  im m u n o tu rb id im etric  m e th o d  w a s  u sed  to  d e term in e  ap o  A - I  an d  a p o  B , o n  th e  
C o b a s  M ira  P lu s. H um an a p o lip o p ro te in  A - I  and  ap o  B  re a c t  w ith  sp ec ific  a n tise ra , 
p ro d u c in g  a  p re c ip itin . T his w a s  d e te rm in e d  tu rb id im e tric a lly  (m ea su re m e n t o f  
c lo u d in e ss )  a t 3 4 0  nm . T h e  a n tig e n -a n tib o d y  c o m p le x  re su lts  in  a d e c re a s e  in 
t ra n sm itte d  lig h t w h ich  is  p ro p o rtio n a l to  the  c o n c e n tra tio n  o f  th e  p a rtic le s  in 
su sp en sio n . S ta n d a rd  se r ia l d ilu tio n s  w e re  p e rfo rm e d  a u to m a tic a lly  o n  th e  C o b a s  M ira  
P lu s  an d  a  s ta n d a rd  c u rv e  g e n e ra te d  fro m  w h ich  th e  u n k n o w n  sam p le  v a lu e s  a re  
d e te rm in e d . T h e  re a g en ts  o n c e  o p e n e d  w e re  stab le  f o r  up  to  fo u r  w e e k s  a t  4 °C .  
S a m p le s  an d  c o n tro ls  w e re  a u to m a tic a lly  d ilu te d  o n  th e  a u to a n a ly se r , w ith  1 5 4  
m m ol/L N a C l ( 0 .9 % )  in  a  ra tio  1 : 2 1  (sam p le : N a C l). In m a les , th e  re fe re n c e  in te rv a l  
f o r  ap o  A - I  an d  a p o  B  w e re  1 .3 0  - 1 . 8 0  g/L an d  0 .7 0  - 1 . 6 0  g/L, re s p e c tiv e ly . A t  a  
c o n c e n tra t io n  o f  1 .2 5  g/L, th e  in tra - an d  in te r-a ssa y  C V s  fo r  a p o  A - I  w e r e  8.6%  an d  
1 5 . 1 % ,  re s p e c t iv e ly . A t  a  c o n c e n tra tio n  o f  0 .9  g/L, th e  in tra -  an d  in te r-a s s a y  C V s  fo r  
ap o  B  w e r e  9 .3 %  a n d  1 3 .7 % , re s p e c tiv e ly .
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2.7. LIPOPROTEIN LIPASE (LPL) ACTIVITY
L P L  a c tiv ity  w a s  d e te rm in e d  using  trio le in  as su b stra te  and  w a s  c a rrie d  o u t by  
a n o th e r  in v e s tig a to r . T h e  o rig in a l m eth o d  is d esc rib ed  b y  N ilsso n -E h le  &  S c h o tz ,  
( 1 9 7 6 )  an d  has re c e n t ly  m o d ified  b y  K n a p p e r e t  a l., ( 1 9 9 3 ) .  L P L  a c tiv ity  w a s  a ssa y e d  
in  c e n tr ifu g e  tu b es  c o n ta in in g  0 .1 m l o f  d ilu ted  em u lsion . T he tr io le in  e m u ls io n  w a s  
p re p a re d  b y  m ix in g  5 0  u l o f  [3H] tr io le in , 2 5 0  ul o f  c o ld  tr io le in , 8 0  ul o f  p h o sp h a tid y l 
c h o lin e  and  5  m l g ly c e ro l. A t  th e  tim e  o f  th e  assay , th is w a s  d ilu te d  w ith  5 0  m M  T ris  
(co n ta in in g  3  %  (w /v) b o v in e  seru m  album in (B S A )  an d  e ith e r 0 .2  M  N a C l o r  4  M  
N a C l an d  2  U /m l h ep a rin ) an d  p re -in cu b a ted  w ith  in a c tiv a te d  h u m a n  se ru m  in  a  ra tio  o f  
e m u ls io n : T ris/ B S A : se ru m  o f  4 : 1 : 1  a t 3 7 ° C  fo r  1 0  m in . T h e  re a c tio n  w a s  s ta rte d  by  
th e  a d d itio n  o f  2 0  wl o f  p la sm a  an d  8 0  ul o f  5 0  m M  tris  b u ffe r. A f t e r  in cu b a tin g  f o r  3 0  
m in  a t 3 7 ° C , th e  re a c tio n  w a s  te rm in a ted  b y  th e  ad d itio n  o f  3 .2 5  m l o f  a  fa t ty  ac id  
e x tra c tio n  m ix tu re , ch loro form /m ethanol/heptane ( 1 .2 5 / 1 .4 1 / 1 , v/v), as d e sc r ib e d  b y  
B e lfr a g e  &  V a u g h a n  ( 1 9 6 9 ) .  S e p a ra tio n  o f  p h ases  w a s  a id ed  b y  the  a d d itio n  o f  1 .0 5 m l  
o f  0 . 1  M  K 2C O 3, a d ju ste d  to  pH  1 0 .5  w ith  b oric  ac id . T h e  tu b es w e r e  m ix e d  and  
c e n tr ifu g e d  in  a  B e c k m a n  J -6B  a t 3 ,0 0 0  rp m  fo r  1 0  m in  ( 7 ,0 0 0  g .m in ). 0 .5  m l o f  th e  
u p p e r p h a se , c o n ta in in g  th e  fre e  fa tty  ac ids, w a s  tra n s fe rre d  in to  sc in tilla tio n  v ia ls ,  
c o n ta in in g  4  m l O p tip h a se  an d  ac id ified  w ith  8 0  wl g la c ia l ace tic  ac id . T h e  v ia ls  w e re  
th en  v o r te x e d  a n d  ra d io a c t iv ity  w a s  co u n ted  in  the  d ark .
E n z y m e  a c tiv ity  (w m ol o le a te  re le a s e d  a t 37°C /m in) w a s  c a lc u la te d  f r o m  th e  
fo rm u la :
(D P M -b la n k ) x  1/30  x  1/ sp ecific  a c t iv ity  o f  tr io le in  x  3  x  4 .9  x  1/ 0 .7 6  
w h e re
3 0  : in cu b a tio n  tim e  in  m in u tes  
3  : 3  m o le s  o le a te  lib e ra te d  fro m  1 m o le  o f  tr io le in
4 .9  : 0 .5  m l a re  sa m p le d  fro m  a to ta l v o lu m e  o f  2 .4 5  m l aq u eou s m e th a n o lic  p h a se
7 6  : 7 6  %  o le a te  e x tra c te d  in to  aq u eo u s m eth a n o lic  ph ase .
T h e  in tra -a s sa y  an d  in te r-a ssa y  C V s  w e re  fo u n d  to  b e  5 .6 %  an d  8 .7 %  a t a
c o n c e n tra tio n  o f  2 7 0  n m o l oleate/m in/m l p lasm a.
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3.1. INTRODUCTION
E p id e m io lo g ic a l stu d ies  su g g est th a t p h ys ica lly  a c tiv e  p e rso n s  ten d  to  e x p e rien c e  
fe w e r  m a n ife sta tio n s  o f  c o ro n a ry  h e a rt d isease  (C H D ) an d  e x e rc ise  h as a  ro le  in  th e  
p rim a ry  p re v e n tio n  o f  C H D  (M o rris  e t  a l., 1 9 8 0 ) .  T he m echan ism s b y  w h ic h  e x e rc ise  
m ig h t h e lp  p ro te c t  ag a in st C H D  h a v e  been  th e  to p ic  o f  su b stan tia l sp ec u la tio n  and  
in v e s tig a tio n , w ith  a fre q u e n tly  c ited  p o ssib ility  b ein g  its e f fe c t  o n  lip o p ro te in  
m e ta b o lism . E a rly  s tu d ies , h o w e v e r , sh o w ed  th at p la sm a  to ta l c h o le s te ro l an d  lo w  
d e n s ity  lip o p ro te in  c h o le s te ro l (L D L -C ) o f  m o re  ac tive  m en  in  th e  g e n e ra l p o p u la tio n  
w e r e  n o t  s ig n ifica n tly  d iffe re n t fro m  age m atch ed  sed en ta ry  c o n tro ls  (E p ste in  e t  a l., 
1 9 7 6 ;  S c h w a n e  e t  a l., 1 9 7 9 ) .
In te re s t  in  th e  lip id  an d  lip o p ro te in  re sp o n ses  to  e x e rc ise  w a s  re n e w e d  w ith  th e  
o b s e rv a tio n  th a t h igh  d e n s ity  lip o p ro te in  c h o le s te ro l (H D L -C ) an d  a p o lip o p ro te in  (a p o )  
A - I  w e r e  n e g a tiv e ly  a sso c ia ted , b o th  w ith  e x e rc ise  an d  w ith  C H D  r is k  (N o rm a e t  a l., 
1 9 8 3 ) .  T h e  m o s t re c o g n is e d  lip id  a lte ra tio n  in  p e o p le  w h o  e x e rc ise d  w a s  an  e le v a tio n  o f  
H D L -C  ( W o o d  e t  a l., 1 9 7 6 ) .  W h e n  en d u ran ce-tra in ed  m en an d  w o m e n  w e re  c o m p a re d  
w ith  in a c tiv e  p e e rs , th e  a th le tes  c o n sis ten tly  d e m o n stra ted  h ig h e r H D L -C  
c o n c e n tra t io n s . T h ese  d iffe ren c e s  w e re  m o st p ro n o u n c ed  in  a th le te s  w h o  h ad  been  
tra in in g  f o r  m a n y  y e a rs . H ask e ll e t  a l. ( 1 9 8 0 )  sh o w ed  a g ra d ed  re s p o n s e  in  H D L -C  to  
th e  e x te n t  an d  d u ra tio n  o f  e x e rc ise , w h e n  th ey  co m p ared  a  g ro u p  o f  s e d e n ta ry  su b jects , 
a  g ro u p  o f  m e n  an d  w o m e n  w h o  w e re  a c tiv e  a t w o rk  and  a  g ro u p  o f  e n d u ra n c e  a th letes . 
C ro s s -s e c tio n a l stu d ies  o f  en d u ran ce-tra in ed  a th letes h a v e  d e m o n s tra te d  a  su b stan tia l 
3 0 %  in c re a s e  in  ap o  A -I  le v e ls  c o m p a red  w ith  sed en ta ry  c o n tro ls  (N ik k ila  e t  a l., 1 9 8 0 ) .
M o s t  stu d ies  c o n c e rn e d  w ith  lip o p ro te in  m etab o lism  an d  e x e rc is e  h a v e  been  
c a rr ie d  o u t  in  th e  fa s te d  s ta te  an d  m a y  h a v e  u n d erestim ated  th e  p o te n tia l o f  e x e rc ise  to  
in flu e n c e  lip id  an d  lip o p ro te in  r is k  fa c to rs  f o r  C H D . In 1 9 7 9 ,  Z ilv e rsm it p u b lish ed  a  
la n d m a rk  p a p e r  su g g estin g  th a t im p a ired  m etab o lism  o f  tr ia c y lg ly c e ro l (T A G )-r ic h  
c h y lo m ic ro n s  (C M ) m a y  be a th ero g en ic . P atsch  e t  al. ( 1 9 8 3 )  sh o w e d  th a t e x e rc ise  
a ffe c te d  p o s tp ra n d ia l lip o p ro te in  m eta b o lism  b y  red u c in g  th e  T A G  re s p o n s e  to  a fa t ty  
m eal. A n  im p o rta n t stu d y  b y  P atsch  e t  al. ( 1 9 9 2 )  sh o w e d  th a t p la sm a  T A G  
c o n c e n tra t io n  in  th e  p o s tp ra n d ia l sta te  is an in d ep en d en t p re d ic to r  o f  c o ro n a ry  a r te ry
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d isea se  (C A D ) . T h e  d u ra tio n  an d  e x te n t o f  th e  p o stp ra n d ia l lip aem ic  re s p o n s e  g o v e rn s  
th e  e x te n t  o f  fo rm a tio n  o f  C M -re m n a n ts  (C M -R )  in c irc u la tio n . C M -R  h a v e  been  
sh o w n  to  be a th e ro g e n ic  b o th  in vivo (Z ilve rsm it, 1 9 7 9 )  an d  in vitro (H u ff e t  a l., 
1 9 9 1 ) .  P a tsch  ( 1 9 9 4 )  d e sc r ib e d  th e  re la tio n sh ip  b e tw e e n  p o s tp ra n d ia l T A G  
m e ta b o lism  an d  H D L -C  c o n c e n tra tio n s , an d  th ere  is c o n se n su s  th a t H D L -C  
c o n c e n tra t io n s  in fa s te d  p la sm a  re f le c t  p o stp ra n d ia l T A G  m eta b o lism , an d  an in v e rse  
re la tio n sh ip  ex is ts  b e tw e e n  th e  e x te n t o f  th e  p o stp ra n d ia l lip aem ic  re s p o n s e  an d  H D L -  
C  c o n c e n tra t io n s . K a rp e  e t  al. ( 1 9 9 3 c )  a d d ressed  th e  is su e  o f  H D L -C  an d  a lim en ta ry  
lip a e m ia  in  re la tio n  to  th e  p ro g re ss io n  o f  C A D  and  fo u n d  a  s tro n g  in v e rs e  a sso c ia tio n  
b e tw e e n  th e  p o s tp ra n d ia l a c cu m u la tio n  o f  C M -R  and  H D L -C . In  a n o th e r  p u b lica tio n , 
th e  sam e g ro u p  fo u n d  a s tro n g  p o s itiv e  re la tio n sh ip  b e tw e e n  th e  p ro g re s s io n  o f  C A D  
a n d  th e  le v e ls  o f  sm a ll C M -R  d u rin g  a  fa t  to le ra n c e  te s t  (K a rp e  e t  a l., 1 9 9 4 ) .  
K n o w le d g e  re la tin g  p o s tp ra n d ia l lip aem ia  to  C A D  p ro g re ss io n  an d  s e v e r ity ,  has  
re s u lte d  in  a  n u m b er o f  stud ies a d d ress in g  th e  e ffe c ts  o f  e x e rc is e  o n  p o s tp ra n d ia l  
m eta b o lism .
T h e  e x te n t, n a tu re  an d  d u ra tio n  o f  e x e rc ise  ap p e ar to  b e  im p o rta n t an d  h a v e  to  be  
c o n s id e re d  in d ep en d en tly . In v e s tig a tio n  o f  th e  ch ro n ic  e ffe c ts  o f  h ab itu a l e x e rc is e  m ay  
b e d is to r te d  b y  th e  e ffe c ts  o f  an  acu te  b o u t o f  e x erc ise . C o n v e rs e ly , w h e n  ad d ress in g  
th e  e ffe c ts  o f  a c u te  b o u ts  o f  in ten se  e x e rc ise , co n s id era tio n  has to  be  g iv e n  to  th e  le v e l  
o f  f itn e ss  o f  th e  su b jects .
B a s e d  on  re t in y l p a lm ita te  (R P ) la b e lled  C M , e x e rc ise  tra in in g  h as b e e n  sh o w n  to  
im p ro v e  th e  c le a ra n ce  o f  p o s tp ra n d ia l lip o p ro te in s . W e in tra u b  e t  al. ( 1 9 8 9 a ) ,  s tu d ied  
th e  e ffe c ts  o f  p h y s ic a l e x e rc ise  c o n d itio n in g  o n  p o s tp ra n d ia l T A G -r ic h  lip o p ro te in s  
(T R L ) an d  fo u n d  a  1 6 %  re d u c tio n  in  fa s tin g  T A G  le v e ls  an d  e n h a n ce d  p o s tp ra n d ia l  
c le a ra n c e  o f  C M . M a n k o w itz  e t  al. ( 1 9 9 2 ) ,  a d d ressed  th e  e ffe c ts  o f  c h ro n ic  e x e rc is e  
o n  fa s tin g  an d  p o s tp ra n d ia l lip id  m etab o lism , and  fo u n d  a  s ig n ifica n t d e c re a s e  in  C M  
c le a ra n c e  fo llo w in g  cessa tio n  o f  e x e rc ise s . A n n u z z i e t  al. ( 1 9 8 7 )  r e p o r te d  th a t a c u te  
b o u ts  o f  e x e rc is e  in c re a se d  th e  c le a ra n ce  o f  e x o g e n o u s  T A G  an d  a ttr ib u te d  th is  to  an  
in c re a se  in  lip o p ro te in  lip a se  (L P L ) a c tiv ity . C o h en  e t  al. ( 1 9 8 9 ) ,  c o m p a re d  e n d u ra n c e  
tra in e d  su b jects  to  se d e n ta ry  c o n tro ls  an d  fo u n d  th at p o s tp ra n d ia l lip a e m ia  w a s  lo w e r  
in  th e  a th le te s  a f te r  m ea ls  c o n ta in in g  4 0  g  an d  1 4 0  g  o f  fa t. U s in g  o ra l an d  
in tra v e n o u s  fa t  lo a d in g  tech n iq u es, th e y  c o n c lu d e d  th a t th e  h a lf- li fe  o f  C M -T A G  w a s
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sh o rte r  in  a th le te s  an d  c o n c lu d e d  th a t th is  e f fe c t  w a s  due to a c o m b in a tio n  o f  a  re d u c e d  
fa s tin g  T A G  p o o l s ize  as w e ll  as a  d ire c t e f fe c t  o f  e x e rc ise  o n  th e  p la sm a  T A G  re m o v a l  
sys te m . T h e  a b o v e  stu d ies d e m o n stra te  th e  v a lu e  o f  e x e rc ise  in  re d u c in g  th e  
p o s tp ra n d ia l lip aem ic  re s p o n s e , b u t th e  m ech an ism (s) u n d erly in g  su ch  ch an g es  h as n o t  
b een  e stab lish ed .
S tu d ie s  in  m an  h a v e  c o n s is te n tly  sh o w n  s ig n ifican t in c reases  in  L P L  a c tiv ity  w ith  
e x e rc ise . E n d u ran ce  tra in ed  ru n n e rs  h a v e  sig n ifican tly  h ig h e r L P L  a c tiv ity  fro m  b o th  
a d ip o se  tissu e  an d  s k e le ta l m u sc le  so u rce s  (N ik k ila  e t  a l., 1 9 7 8 ) .  M o d e ra te -in te n s ity  
e n d u ra n c e  tra in in g  f o r  1 5  w e e k s  p ro d u c e d  a  s ig n ifican t r is e  o f  a d ip o se  tis su e  ( 5 6 % )  and  
p o s t-h e p a rin  p la sm a  ( 3 3 % )  L P L  a c tiv ity  in  p re v io u s ly  sed e n ta ry  m en  (P e lto n e n  e t  a l., 
1 9 8 1 ) .  T ra in e d  su b jects  d e m o n stra te  a 3 0 - 7 0 %  in crease  in  m u sc le  L P L  a c tiv ity , an d  a  
c o m b in a tio n  o f  re g u la r  e x e rc is e  an d  an  acu te  b o u t o f  in ten se  e x e rc ise  can  re s u lt  in  a  1 0 -  
fo ld  in c re a se  in  L P L  a c tiv ity  (T ask in en  &  N ik k ila , 1 9 8 0 ) .  L ith e l e t  al. ( 1 9 7 9 )  fo u n d  th a t  
L P L  a c tiv ity  w a s  in c re a se d  fo llo w in g  an  a c u te  b o u t o f  e x e rc ise . D u rin g  c a ta b o lism  o f  
T R L -T A G  b y  L P L , th e  sm a lle r rem n a n t p a rtic les  a re  b e lie v e d  to  sh ed  c h o le s te ro l,  
p ro te in  an d  p h o sp h o lip id , w h ic h  a re  ta k en  up b y  n ascen t H D L . In c re a se  in  L P L  a c tiv ity  
b y  e x e rc is e  p ro v id e s  a d d itio n a l su b stra te  f o r  H D L  syn thesis  an d  a p p e a rs  to  b e  a  
c o n tr ib u tin g  fa c to r  f o r  th e  in c re a se  in  H D L  m ass. S ig n ifica n t in v e rs e  c o r re la t io n  
b e tw e e n  L P L  a c tiv ity  a n d  fa s tin g  p la sm a  T A G , an d  a  d ire c t c o rre la t io n  b e tw e e n  H D L -C  
w ith  L P L  a c tiv ity , h a v e  b een  fo u n d  (S a d y  e t  a l., 1 9 8 4 ) .  In a d d itio n , a c tiv e  su b je c ts  h a v e  
b een  sh o w n  to  h a v e  in c re a se d  lec ith in  c h o le s te ro l a c y ltra n s fe ra se  (L C A T )  a c tiv ity  an d  
d e c re a se d  h ep a tic  lip a se  (H L) a c tiv ity . L C A T  is  in v o lv e d  in  th e  tra n s fe r  o f  lin o len ic  a c id  
a n d  p h o sp h a tid y l c h o lin e  fro m  p e rip h e ra l c e lls , to w a rd s  th e  p ro d u c tio n  o f  m a tu re  H D L2, 
an d  H L  is  an e n z y m e  p ro m o tin g  p la sm a  c le a ra n ce  o f  H D L 2 (K ie n s  &  L ith e l, 1 9 8 9 ) .
E x e rc ise  is  an  a t tra c tiv e , n o n -p h a rm a co lo g ic a l a p p ro a ch  to  in c re a se  H D L  m ass. 
M e n  an d  w o m e n  w h o  c o n tin u e  a  v e r y  a c tiv e  w a y  o f  l i fe , a t w o rk  an d  d u rin g  le isu re  tim e, 
a re  g e n e ra lly  r e p o r te d  to  e x p e rie n c e  a  lo w e r  o v e ra ll r is k  o f  C H D  (H a sk e ll, 1 9 8 6 ) .  
S tu d ie s  in v es tig a tin g  th e  e ffe c ts  o f  e x e rc ise  o n  p o stp ra n d ia l lip aem ia  sh o u ld  ta k e  in to  
a c c o u n t v a r io u s  c o n fo u n d in g  p h y s io lo g ic a l fa c to rs . P o s tp ra n d ia l lip a e m ia  is d e p e n d e n t  
o n  fa s t in g  T A G  c o n c e n tra t io n s  (P a tsch  e t  a l., 1 9 9 2 )  a n d  is  re d u c e d  b y  c h ro n ic  an d  a c u te  
in ta k e  o f  p o ly u n s a tu ra te d  fa t ty  ac id s (W e in tra u b  e t a l., 1 9 8 8 ;  D e m a c k e r e t  a l., 1 9 9 1 ) .  
K ra s in sk i e t  al. ( 1 9 9 0 a )  h a v e  sh o w n  th a t o ld e r  su b jects h a v e  a  g re a te r  p o s tp ra n d ia l
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l ip a e m ic  re sp o n se  c o m p a re d  to  y o u n g e r su b jec ts . B ro w n  &  R o b e rts  ( 1 9 9 1 )  s h o w e d  th a t  
th e  le v e l o f  p o s tp ra n d ia l lip aem ia  is d ep en d an t on  the  ap o  E is o fo rm , th a t n o rm o -  
lip id a e m ic , o b e se  su b jects  s h o w  a g re a te r  lip aem ic  re sp o n se  to  a  fa t-c o n ta in in g  m ea l 
th an  n o rm a l w e ig h t su b jects , and  th a t m a les  sh o w  h ig h er p o s tp ra n d ia l lip a e m ia  than  
fe m a le s . H artu n g  e t  a l. ( 1 9 9 3 ) ,  fo u n d  th a t a lc o h o l in tak e  w a s  re la te d  to  s ig n ifica n tly  
im p a ire d  fa t  to le ra n c e  in  in a c tiv e  su b jects  an d  th at p h ys ic a lly  a c tiv e  m en  h a v e  a lte re d  
lip id  m e ta b o lic  m ech an ism s w h ich  m ay  p ro m o te  re s is ta n c e  to  a lc o h o l-in d u c e d  T A G  
e le v a tio n s .
M o s t  stu d ies w h ich  h a v e  lo o k e d  a t e x e rc ise  as a  v a ria b le  h a v e  p ro to c o ls  w h ic h  a re  
d e s ig n e d  to  en h a n ce  d iffe ren c e s  b e tw e e n  a c tiv e  and  in a c tiv e  su b jec ts . A s  su ch  e ith e r  
e n d u ra n c e  a th le tes  o r  b o u ts  o f  v ig o ro u s  a c tiv ity  a re  u sed  (M a n k o w itz  e t  al. 1 9 9 2 ;  
A n n u z z i  e t  a l., 1 9 8 7 ;  S a d y  e t  a l., 1 9 8 6 ) .  S in c e  m o st p e o p le  w h o  e x e rc is e  re g u la r ly ,  do  
so  as a  h o b b y , ra th e r  th an  as a c o m p e titiv e  sp o rt, i t  w a s  c o n s id e re d  o f  in te re s t  to  stu d y  
th e  e ffe c ts  o f  m o d e ra te  am o u n ts  o f  re g u la r  ae ro b ic  a c tiv ity  on  p o s tp ra n d ia l T R L .
T h e  p u rp o se  o f  th e  p re s e n t s tu d y  w a s  to  exam in e  th e  in flu e n c e  o f  lo w  in ten s ity  
e x e rc is e  o n  th e  p o s tp ra n d ia l re sp o n se  to  m e a ls  w h o s e  fa t  co n ten ts  w e r e  re p re s e n ta t iv e  o f  
th e  ra n g e  fo u n d  in  s tan d a rd  hum an  d ie ts. S u b je c ts  w e re  re c ru ite d  an d  se le c te d  o n  th e  
basis  o f  s e lf- re p o r te d  h ab itu a l a c tiv ity  le v e ls  and  d iv id e d  in to  (i) an  a c t iv e  g ro u p  w h ich  
h a b itu a lly  c a rr ie d  o u t re g u la r , m o d e ra te , e x e rc ise  and  (ii) an in a c tiv e  g ro u p  w h ic h  to o k  
n o  e x e rc is e . C M  an d  C M -R  m eta b o lism  in  th e  T R L  w a s  s tu d ied  in  d e ta il b y  th e  u se  o f  
an  in -h o u se  m o n o sp e c ific  ap o  B - 4 8  a n tib o d y  as w e ll as v ita m in  A  la b e l. T he  
a p p lic a tio n  o f  th e  n o v e l  ap o  B - 4 8  an tib o d y  e n a b le d  c o m m en t on  th e  su ita b ility  o f  th e  R P  
m e th o d o lo g y , an d  a llo w e d  sp ecu la tio n  on  th e  s ize  an d  n u m b ers o f  C M  p ro d u c e d .  
H en ce , th e  a im s o f  th e  p re se n t s tu d y  w e re :
- to  in v e s tig a te  th e  e ffe c ts  o f  h a b itu a l e x e rc is e  on  the p o s tp ra n d ia l l ip a e m ic  re s p o n s e  to  
m e a ls  o f  d iffe r in g  fa t  co n ten ts ,
sp e c ific a lly  to  m o n ito r  fa s tin g  an d  p o s tp ra n d ia l C M  m e ta b o lism  u tilis in g  a  n o v e l  
m o n o sp e c ific  ap o  B - 4 8  a n tib o d y , an d  to  u se  th ese  re su lts  to  assess  th e  v a lid ity  o f  R P  as 
a  la b e l o f  C M  an d
-  to  in v e s tig a te  th e  re la tio n sh ip  b e tw e e n  p o st-h e p a rin  p la sm a  L P L  a c t iv i ty  an d  th e  
p o s tp ra n d ia l re sp o n se .
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3 .2 .  S T U D Y  D E S I G N
3 .2 . 1 .  S u b je c t s
F ro m  th e  U n iv e rs ity  o f  S u r r e y  s tu d en t p o p u la tio n , fo u rte e n , h e a lth y , n o n -o b e se ,  
m a le  su b jects  w e re  re c ru ite d  in to  th e  stu d y  ac c o rd in g  to th e  fo l lo w in g  c rite ria :
- h a v in g  a  b o d y  m a ss  in d e x  (B M I) o f  b e tw e e n  2 0  and  2 7  kg/m 2,
- in  g o o d  h e a lth , w ith o u t h is to ry  o r  c lin ic a l e v id e n c e  o f  sys tem ic  d iso rd e rs ,
- no  h is to ry  o r  e v id e n c e  o f  h y p e r lip id a em ia  o n  screen ing ,
- n o t p re s e n t ly  u n d erta k in g  a  re d u c in g  o r e x c lu s io n  d iet,
- n o t  h a v in g  a  h a b itu a l a lc o h o l c o n su m p tio n  o f  m o re  than 3 0  u n its p e r  w e e k  an d
- h a v in g  a  h a b itu a l fa t  in ta k e  o f  b e tw e e n  3 0  an d  4 5 %  to ta l e n e rg y  in tak e .
T h e  s tu d y  su b jects  w e re  th en  d iv id e d  in to  tw o  d istin ct g ro u p s w ith  re s p e c t  to  th e  
h ab itu a l e x e rc ise  le v e l:
- th e  a c tiv e  g ro u p  c o m p rised  se v e n  su b jects  w h o  u n d erto o k  a t le a s t  3 0  m in u tes o f  
a e ro b ic  e x e rc is e  fo r  a t le a s t  th ree  sess io n s  a  w e e k  and
th e  in a c tiv e  g ro u p  c o m p rise d  seven  su b jects  w h o  u n d e rto o k  n o  re g u la r  e x e rc ise ,  
e x c e p t f o r  a c tiv itie s  o f  d a i ly  liv in g .
T h e  a c tiv e  an d  in a c tiv e  g ro u p s  w e re  w e ll  m atch ed  fo r  ag e , b o d y  m ass in d ex  an d  
h ab itu a l m a c ro n u tr ie n t in tak e . T h e  a ve ra g e  ag e  (m ean  ±  S D ) fo r  th e  a c tiv e  g ro u p  w a s
2 0 .9  ±  2 .4  y e a rs  an d  2 1 . 7  ± 2 . 8  yea rs  fo r  th e  in a c tive  g ro u p . T h e  a v e ra g e  B M I  w a s
2 3 . 2  ± 1 . 9  kg/m 2 a n d  2 0 .6  ±  2 .7  kg/m 2, fo r  th e  a c tiv e  and in a c tiv e  g ro u p s , re sp e c tiv e ly .  
A l l  su b jects  w e re  n o n -sm o k e rs  an d  had  an  ap o lip o p ro te in  E3/E3 p h e n o ty p e . T h ree  
d a y  fo o d  d iaries  (in c lu d in g  o n e  d a y  d u rin g  a  w e e k e n d ) w e re  re c o rd e d  f o r  ea ch  su b je c t 
to  assess  h ab itu a l fo o d  in tak e . F o o d  w a s re c o rd e d  as h o u seh o ld  m ea su res  fro m  w h ich  
w e ig h ts  o f  p o r t io n  sizes w e re  c a lc u la ted  u sing  stan d ard  fo o d  p o rtio n  sizes (C ra w le y ,  
1 9 8 8 ) .  D ie t c o m p o s itio n  w a s  c a lc u la ted  u sing  C O M P E A T  4  d ie ta ry  an a lysis  
p ro g ra m m e  b a se d  o n  th e  M c C a n c e  and  W id d o w s o n  fo o d  tab les (H o lla n d  e t  a l., 1 9 9 1 ) .  
P e rc e n ta g e  b o d y  fa t  w a s  c a lc u la te d  u sing  D um in's c rite ria  u sing  sk in fo ld  th ick n ess  a t  
tr ic e p s , b icep s, su b -sc a p u la r an d  su p ra-iliac  sites u sing  K a b i V itru m  sk in fo ld  ca llip e rs  
(D u m m  &  W o m e rs le y , 1 9 7 4 ) .  T h e  stu d y w a s  a p p ro v e d  b y  th e  U n iv e rs ity  o f  S u r re y
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R e se a rc h  E th ics c o m m itte e  and  a ll su b jects  g a v e  in fo rm ed  w r it te n  c o n s e n t to  
p a rtic ip a te .
3 .2 .2 .  T e s t  M e a ls
T h re e  te s t  m ea ls  w e r e  g iven  to  each  su b jec t, in  ra n d o m  o rd e r, o n  th re e  se p a ra te  
o c c a s io n s . T h e  te s t  m ea ls  w e re  in  th e  fo rm  o f  c e re a l and m ilk , c h ee se  sa n d w ic h e s  an d  
o ra n g e  ju ic e . T h e  s iz e  an d  c o m p o s itio n , p ro te in  an d  c a rb o h y d ra te  c o n te n ts  o f  th e  th re e  
m e a ls  w e r e  id en tica l, so  th a t th e y  o n ly  d iffe re d  in  th e ir fa t  co n te n t. T h e  lo w  fa t  m ea l 
c o n ta in e d  2 0  g , th e  m ed iu m  fa t  m ea l c o n ta in ed  4 0  g, and  th e  high  fa t  m e a l 8 0  g  o f  fa t. 
In  an  a ttem p t to  m ain ta in  th e  s ize  and th e  fo rm  o f  th e  th ree  m ea ls , th e  v a r ia t io n  in  fa t  
c o n te n t  w a s  a c h ie ve d  b y  th e  u se  o f  fu ll fa t , sem i-sk im m ed  o r  sk im m ed  m ilk , d o u b le  
c re a m , fu l l  o r  h a lf  fa t  ch ee se  an d  d iffe re n t q u an tities o f  m a rg a rin e . In  a d d itio n , 
1 7 0 ,0 0 0  IU  o f  R P , in  th e  fo rm  o f  1 0 0  m g  o f  an  o il-b a se d  p re p a ra tio n , w a s  a d d e d  to  
th e  o ra n g e  ju ic e , p ro v id e d  w ith  e a ch  te s t m ea l. T h e  n u trien t a n a lysis  o f  th e  te s t  m ea ls  
is  g iv e n  in  T a b le  3 .1 .
3 .2 .3 .  S t u d y  D a y  P r o c e d u r e
O n  th re e  sep a ra te  o c c a s io n s , a t 0 8 3 0  h r on  th e  m o rn in g  o f  e a c h  s tu d y  d a y , th e  
su b jects  w e r e  in s tru c ted  to  a tten d  th e  C lin ica l In ve stig a tio n  U n it a t  th e  U n iv e rs ity  o f  
S u r r e y .  T h e  su b jects  h ad  b een  a sk ed  to  c a r ry  o u t a s tric t 1 2  h r  o v e rn ig h t  fa s t , o n  th e  
e v e n in g  p r io r  to  th e  s tu d y . A l l  s tu d y  su b jects  h ad  a lso  b een  in s tru c te d  to  re fra in  fro m  
ta k in g  a n y  e x e rc ise  o r  a lc o h o l f o r  a t le a s t  3 6  h r  b e fo re  each  s tu d y , a n d  to  s ta n d a rd ise  
th e ir  e v e n in g  m e a l th e  n ig h t b e fo re  th e  study.
O n  a r r iv a l a t  th e  In v e s tig a tio n  U n it, an  in d w e llin g  can n u la  w a s  in s e r te d  in to  a  
fo re a rm  v e in  u n d er lo c a l an a esth esia  an d  tw o  fa s tin g  b lo o d  sam p les w e r e  ta k e n  o v e r  a  
p e r io d  o f  1 0  m in u tes. E ach  su b je c t then  re c e iv e d  a  te s t  m ea l, o f  e ith e r  2 0  g , 4 0  g  o r  
8 0  g  fa t . A l l  su b jects  w e re  g iven  th e  th re e  m ea ls o n  th re e  s e p a ra te  o c c a s io n s .  
F o llo w in g  th e  co n su m p tio n  o f  th e  m ea l, su b jects  w e re  a llo w e d  fre e  a c c e ss  to  w a te r  o r  
d e c a ffe in a te d  b e v e ra g e s  w ith o u t m ilk  o r  su g a r b u t n o  o th e r  fo o d  w a s  c o n su m e d  u n til 
th e  e n d  o f  th e  s tu d y . T h e  s ta rt  o f  th e  m ea l w a s  taken  as th e  0  tim e  p o in t  a n d  b lo o d
E x e rc ise  s tu d y : M a c ro n u trie n t c o m p o stio n s  o f  lo w , m ed iu m  an d  h ig h  fa t  m e a ls
TABLE 3.1
A .  L o w  F a t  M e a l
F o o d Q u a n t i t y  
(g  o r  m l)
E n e rg y
(k c a l)
F a t
(g)
P r o te in
(g)
C a r b o h y d r a t e
(g)
W h i t e  b r e a d 1 8 0 3 9 2 2 .3 1 4 .0 8 9
O r a n g e  ju i c e 2 5 0 9 0 - 1 .3 2 2
F r o s t ie s  ( c e re a l) 5 0 1 8 9 0 .3 3 .0 4 7
S k im m e d  m ilk 2 0 0 6 7 0 .2 6 .6 1 0
C h e d d a r  c h e e s e 6 5 1 7 0 9 .7 2 0 .5 -
( h a l f  fa t )  
M a r g a r in e 1 0 7 4 8 .2
T o t a l 9 9 2 2 0 .7 4 4 . 1 1 6 8
B . M e d iu m  F a t  M e a l
F o o d Q u a n t i t y  
(g o r  m l)
E n e rg y
(k c a l)
F a t
(g)
P r o te in
(g)
C a r b o h y d r a t e
(g)
W h i t e  b r e a d 1 8 0 3 9 2 2 .3 1 4 .0 8 9
O r a n g e  ju i c e 2 5 0 9 0 - 1 .3 2 2
F r o s t ie s  ( c e re a l) 5 0 1 8 9 0 .3 3 .0 4 7
S e m i-s k im m e d 2 0 0 9 3 3 .2 6 .6 1 0
m ilk
C h e d d a r  c h e e s e 7 5 3 1 1 2 5 .9 1 9 .2 -
M a r g a r in e 1 0 7 4 8 .2 - -
T o t a l 1 1 5 0 3 9 .9 4 4 . 1 1 6 8
C . H ig h  F a t  M e a l
F o o d Q u a n t i t y  
(g o r  m l)
E n e rg y
(k c a l)
F a t
(g)
P r o te in
(g)
C a r b o h y d r a t e
(g)
W h i t e  b r e a d 1 8 0 3 9 2 2 .3 1 4 .0 8 9
O r a n g e  ju i c e 2 5 0 9 0 - 1 .3 2 2
F r o s t ie s  ( c e re a l) 5 0 1 8 9 0 .3 3 .0 4 7
W h o le  m i lk 1 5 0 9 8 5 .9 4 .8 7
D o u b le  c r e a m 6 5 2 9 2 3 1 . 2 1 . 1 2
C h e d d a r  c h e e s e 7 5 3 1 1 2 5 .9 1 9 .2 -
M a r g a r in e 2 0 1 4 8 1 6 .4 - -
T o t a l 1 5 2 0 8 2 .0 4 3 .4 1 6 7
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sam p les  w e r e  ta k e n , v ia  th e  c a n n u la , a t 3 0  m in  and 1 h r  a f te r  th e  m ea l, th en  h o u r ly  
o v e r  an  8  h r  p o s tp ra n d ia l p e rio d . E lev e n  b lo o d  sam ples w e re  ta k en  th ro u g h o u t th e  
s tu d y  p e r io d  a t th e  fo llo w in g  tim e  p o in ts :
- 1 0  m in , 0 ,  0 .5 ,  1 ,  2 ,  3 , 4 ,  5 ,  6 , 7 ,  8 h r. A f te r  the  c o llec tio n  o f  th e  8  h r sa m p le , 7 ,5 0 0  
IU  o f  h e p a rin  w a s  g iven  as an in tra v e n o u s  b o lu s  d o se  and  tw o  fu r th e r  5  m l sa m p les  fo r  
p o s t-h e p a rin  L P L  a c tiv ity  w e r e  ta k en  a f te r  5  and  1 5  m in o f  th e  h ep a rin  in je c tio n . A  
su m m a ry  o f  th e  s tu d y  d a y  p ro to c o l is  sh o w n  in  F ig u re  3 .1 .
A t  e a c h  tim e  p o in t, 1 6  m l o f  b lo o d  w a s  tak en  and  p la c e d  in  tw o  1 0  m l h ep a rin  
b lo o d  tu b es . B lo o d  sam p les f o r  th e  p o s t-h e p a rin  L P L  a c tiv ity  a ssa y  w e r e  p u t  in  5  m l 
h e p a rin ised  b lo o d  tu b es. T h e  tu b es w e re  then  c en trifu g e d  im m ed ia te ly  a t  2 5 0 0  rp m  
fo r  1 5  m in  ( 7 ,0 0 0  g .m in). T h e  p la sm a  o b ta in ed  w a s  then  a liq u o te d  in to  L P 3  tu b es  an d  
s to re d  a t - 2 0 ° C  fo r  an a lysis  o f  p la sm a  T A G  , n o n -e s te rifie d  fa tty  ac id s (N E F A ) an d  
L P L  a c tiv ity .
P la s m a  f r o m  e a c h  tim e  p o in t w a s  a lso  u sed  fo r  the  p re p a ra tio n  o f  th e  T R L  fra c t io n ,  
w h ic h  is  d e sc r ib e d  in  d e ta il in  C h a p te r  2  (S e c tio n  2 .2 ) .  B r ie fly , 3 .5  g  o f  p la sm a  w a s  
c a re fu lly  tra n s fe rre d  in to  3 8  m l th ic k  w a lle d  B eck m a n  u ltra c e n trifu g e  tu b e s  an d  
o v e r la y e re d  w ith  3 .5  g  o f  sa lin e  so lu tio n  o f  a d en s ity  o f  1 . 0 0 6  g/ml. T h e  tu b es  w e r e  
th en  u ltra c e n trifu g e d  to  o b ta in  th e  T R L . T he T R L  fra c tio n  fo rm e d  a  th in  su p e rn a ta n t  
la y e r  w h ic h  w a s  c a re fu lly  re m o v e d  and  p la c e d  in  a liq u o ts  in  L P 3  tu b es  f o r  th e  a n a lysis  
o f  T R L -T A G , a p o  B -4 8  an d  R P . T h e  v o lu m e  o f  th e  T R L  re m o v e d  w a s  n o te d . A ll  
sam p les  f o r  R P  d e te rm in a tio n  w e re  p ro te c te d  fro m  lig h t b y  w ra p p in g  th e m  in  
a lu m in iu m  fo i l .  S a m p les  f o r  ap o  B - 4 8  d e te rm in a tio n  h ad  5 %  (v/v) o f  th e  p re s e rv a t iv e  
c o c k ta i l as d e sc r ib e d  in  C h a p te r  2  (S e c tio n  2 .3 ) .
T h is s tu d y  w a s  u n d ertak en  as p a r t  o f  a  c o lla b o ra tiv e  e f fo r t  w ith  a n o th e r  fu ll-t im e  
p o s t-g ra d u a te  re se a rc h e r, as w e ll  as in v o lv in g  u n d erg ra d u a te  s tu d en ts  in v o lv e d  in  th e ir  
fin a l y e a r  p ro je c t .  A ll  in v e s tig a to rs  a ss is ted  w ith  su b ject re c ru itm e n t, te s t  m ea l 
p ro v is io n , th e  c o n d u c t an d  o rg a n isa tio n  o f  th e  s tu d y  d ays  and an a lysis  o f  th e  sam p les . 
T h e  p o s tp ra n d ia l p a ra m ete rs  in v e s tig a te d  in c lu d ed :
- G lu c o s e -d e p e n d e n t in su lin o tro p h ic  p o ly p e p tid e  (G IP ), in su lin , g lu c o se , p o s t-h e p a rin  
L P L  a c t iv i ty ,  p la sm a  T A G , N E F A , T R L -T A G , T R L -a p o  B - 4 8  an d  T R L -R P .
In th is C h a p te r , th e  p o s tp ra n d ia l re sp o n se s  o f  G IP , insu lin  an d  g lu c o s e  w e r e  
s tu d ied  b y  a  c o lla b o ra t iv e  in v e s tig a to r , an d  a re  n o t d iscu ssed .
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F ig . 3 .1  E x e rc ise  s tu d y : S tu d y  d a y  p ro to c o l
1 4  h e a lth y , y o u n g  m en  re c ru ite d  in to  th e  stu d y . D iv id e d  in to  an a c tiv e  
g ro u p  (n  -  7 )  an d  an in a c tiv e  g ro u p  (n  =  7 ) . 3  d a y  d ie ta ry  d ia ry  c o m p le te d .
0 8 3 0  h rs : A d m itte d  to  th e  C lin ic a l In ve stig a tio n  U n it, U n iv e rs ity  o f  S u rre y .
2  fa s tin g  b lo o d  sa m p les  ta k en  ( - 1 0  m in , 0  h r).
S u b je c ts  c o n su m e d , in  ra n d o m  o rd e r  an d  on  th ree  sep a ra te  o c c a s io n s , 
m e a ls  c o n ta in in g  2 0  g ( lo w ) , 4 0  g  (m ed iu m ) an d  8 0  g (h ig h ) fa t  m e a ls  
A l l  m e a ls  h a d  1 6 8  g  c a rb o h y d ra te , 4 4  g  p ro te in  w ith  1 7 0 ,0 0 0  IU  R P  
a d d ed  to  th e  o ra n g e  ju ic e  p ro v id e d .
B lo o d  sa m p les  ta k e n  at 0 .5 ,  1 , 2 ,  3 ,  4 , 5 , 6 , 7 ,  8  h r
1 6 3 0  h rs : 7 5 0 0  IU  h ep a rin  g iv e n  as b o lu s  i/v d o se  an d  b lo o d  ta k en  a t a  d is ta n t s ite  fo r  
L P L  a c t iv ity  a t 5  a n d  1 5  m in .
T h ro u g h o u t th e  stu d y , b lo o d  sam p les w e r e  c en trifu g e d  im m e d ia te ly  (w ith in  1 0  m in )  
an d  th e  p la s m a  se p a ra ted  an d  s to re d  fo r  fu r th e r  a n a ly s is . T h e  T R L  fra c t io n  w a s  
p re p a re d  b y  u ltra c en trifu g a tio n  o f  p la sm a  o v e r la y e re d  w ith  sa lin e  d = 1 .0 0 6  g/ml. T h is  
w a s  d o n e  w ith in  2 4  h r  o f  sa m p le  c o lle c tio n .
91
3.3 M E T H O D S  OF ANALYSIS
T h e p a ra m ete rs  m ea su red  in  this s tu d y  w e re :
- P la sm a  T A G  and  N E F A .
- T h e  T R L  fra c tio n  T A G , ap o  B - 4 8  an d  R P.
- P o s t-h ep a rin  L P L  a c tiv ity .
T h e  m e th o d s  u sed  fo r  the a n a ly s is  o f  th ese  p a ra m ete rs  is d esc rib ed  in  d e ta il in C h a p te r  
2 . B r ie f ly :
1 . T h e  a ssa y  fo r  ap o  B - 4 8  in  th e  T R L  fra c tio n  u sed  in this stu d y  in v o lv e d  S D S - P A G E  
e le c tro p h o re s is , w ith  tra n s fe r  to  a  n itro -c e llu lo se  m em brane, fo l lo w e d  b y  im m u n o -  
b lo ttin g  w ith  an in -h o u se  an ti-ap o  B - 4 8  an tib o d y . T he apo  B - 4 8  b an d  w a s  then  
v isu a lise d  u sin g  an  en h an ced  ch em ilu m in escen ce  system . T h e  bands w e re  then  
q u a n tified  b y  d en sito m etric  scanning . In  this stu d y , the ap o  B - 4 8  d e te rm in a tio n  w a s  
c a rrie d  o u t  b y  a  re se a rc h  c o lla b o ra to r . A p o  B -4 8  d e term in atio n  b y  e n zy m e -lin k e d  
im m u n o so rb a n t a ssa y  (E L IS A ) w a s  n o t ava ilab le  a t the  tim e  th e  sam ples fro m  th e  
s tu d y  w e re  a n a lysed .
2 .  P la sm a  T A G , T R L -T A G  and  N E F A  w e re  m easu red  on  th e  C o b as  M ira  P lus  
c e n tr ifu g a l a n a ly se r  u tilis in g  c o m m e rc ia l a ssa y  k its.
3 . P la sm a  L P L  a c tiv ity  w a s  m e a su red  b y  the  d e tec tio n  o f  la b e lled  lib e ra te d  fre e  fa tty  
acids f r o m  a  tr it ia te d  trio le in  su b stra te  em u lsion . This an a lysis  w a s  c a rrie d  o u t  b y  a  
re s e a rc h  c o lla b o ra to r .
4 . R P  w a s  a n a ly se d  b y  re v e rs e d  p h ase  H P L C , w ith  m eth ano l an d  s ilv e r  n itra te  as 
m o b ile  p h a se , b y  the  m eth o d  o f  D e  R u y te r  an d  D e  L een h ee r ( 1 9 7 8 ) .
5 . A p o  E  p h en o ty p in g  w a s  c a rrie d  o u t a t S t . T h o m as’ H o sp ita l, L o n d o n  an d  w a s  
b a se d  o n  th e  m e th o d  o f  M c D o w e ll e t  al. ( 1 9 8 9 ) .  T he m eth o d  in v o lv e d  is o -e le c tr ic  
fo c u s in g  (IE F) o f  n euram in id ase  tre a te d  p la sm a  sam ples on  an a g a ro se  IE F  g e l - 
P h a rm a ly te  (pH  4 -6 .5 ) ,  ru n  on  a  m in i-g e l P h ast system , fro m  P h a rm ac ia  L K B  
B io te c h n o lo g y , U p p sa la , S w e d e n . F o llo w in g  e le c tro p h o re tic  sep a ra tio n , th e  p ro te in s  
w e r e  tra n s fe rre d  to  a  n itro c e llu lo se  m em bran e  b y  d iffu sio n  b lo ttin g  an d  in c u b a ted  w ith  
a  c o m m e rc ia l m o u se  an ti-ap o  E an tib o d y . T he d e tec tio n  o f  th e  ap o  E  iso fo rm s  w a s  
m e d ia te d  th ro u g h  a  c o lo u r  re a c tio n  o f  4 -c h lo ro - l-n a p h th o l w ith  h o rse  rad ish  
p e ro x id a s e  c o n ju g a te d  to a  g o a t a n ti-m o u se  se c o n d a ry  an tib o d y.
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In an  a ttem p t to  m in im ise system atic  b ias d u e  to  assay  v a r ia b ility , a l l  sam p les  fro m  
o n e  s u b je c t w e re  a ssa y e d  on  the sam e d a y  an d  w ith in  the  sam e a ssa y  ru n .
3 .4 .  S T A T I S T I C A L  A N A L Y S I S
D a ta  an a lysis  w a s  c a rr ie d  o u t using  th e  S P S S  in fo rm a tio n  sy s te m  ( S P S S  Inc. 
C h ic a g o , IL ., U S A )  on an IB M  co m p atib le  s o ftw a re  p ro g ra m m e. A l l  d a ta  w e re  
c h e c k e d  an d  fo u n d  to  be n o rm a lly  d is trib u ted  p r io r  to  a p p lica tio n  o f  th e  s ta tis tic a l test. 
R e p e a te d  m ea su res  an a lysis  o f  v a r ia n c e  w a s  u sed  to  co m p a re  tim e  re s p o n s e  p a tte rn s . 
T h e u n p a ire d  S tu d e n t ’ s t- te s t  w a s  u sed  to  assess th e  le v e l o f  s ig n ifica n ce  o f  any  
d iffe re n c e s  b e tw e e n  th e  A U C . A  p  < 0 .0 5  v a lu e  w a s  ta k en  as th e  lo w e s t  le v e l  o f  
s ig n ifican ce .
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3.5. RESULTS
T a b le  3 .2  sh o w s th e  c lin ica l ch ara c te ris tic s  an d  the  re su lts  o f  th e  th ree  d a y  a sse ssm en t  
o f  fo o d  in ta k es . T h e  fa s tin g  p la sm a  T A G  (m ean  ±  S D ) in the  a c tiv e  an d  in a c tiv e  g ro u p s  
w e r e  0 .8 5  (±  0 . 1 4 )  m m ol/L an d  ( 0 .8 4  ±  0 . 1 9 )  m m ol/L, re s p e c tiv e ly . T h e  c o rre sp o n d in g  
fa s tin g  T R L -T A G  re su lts  in  the  a c tiv e  an d  in a c tiv e  g ro u p s w e re  0 . 1 5  (±  0 .0 5 )  m m ol/L  an d  
0 . 1 4  ±  ( 0 .0 4 )  m m ol/L, re s p e c tiv e ly . T h ere  w e re  no  s ig n ifican t d iffe ren c e s  in  th e  fa s tin g  
lip id  p a ra m e te rs  o f  th e  g ro u p s . T ab le  3 .2  a lso  sh o w s  th e  h ab itu a l d a ily  fo o d  in ta k e  o f  b o th  
g ro u p s  b a se d  o n  a  th re e  d a y  d ie ta ry  d ia ry . T h e  re su lts  sh o w  s im ila r m ean  h ab itu a l 
m a c ro n u tr ie n t in tak es  o f  th e  g ro u p s. T his su g g ests  th a t a n y  p o ss ib le  in flu e n ce s  th a t  
c h ro n ic  d ie ta ry  p a tte rn s  m a y  h a v e  on  th e  re su lts  o b ta in ed  fo llo w in g  th e  a c u te  te s t  m ea ls  
m a y  b e  e lim in ated .
T a b le  3 .2
3.5.1. Subject Characteristics And Habitual Food Intakes
E x e rc ise  s tu d y : C h a ra c te ris tics  an d  h ab itu a l d a i ly  fo o d  in tak e  in  th e  a c t iv e  an d  in a c tiv e  
g ro u p s
A C T I V E  G R O U P  
(m e a n  ±  S D ; n  = 7 )
I N A C T I V E  G R O U P  
(m e a n  ±  S D ; n  = 7 )
A g e  ( y r s ) 2 0 .9  ±  2 .4 2 1 . 7  ± 2 . 8
B M I  (kg / m 2) 2 3 .2  ± 1 . 9 2 0 .6  ±  2 .7
%  B o d y  F a t 1 8 .0  ± 2 . 5 1 7 .2  ± 3 . 0
E n e r g y  (k c a l) 2 4 3 7  ± 5 5 8 2 4 2 4  ± 6 6 3
P r o t e in  (g) 8 8  ± 2 1 6 8  ± 1 8
C a r b o h y d r a t e  (g) 2 9 1  ±  9 6 2 9 4  ±  8 7
S u g a r s  (g ) 1 2 2  ± 4 8 1 4 0  ± 4 9
F a t  (g) 1 0 0  ±  2 2 1 0 1  ± 3 3
F a t  E n e r g y  R a t io 3 7  ±  2 .5 3 8  ± 3 . 0
P :S  R a t io 0 .7 7  ±  0 .3 6 0 .4 4  ± 0 . 2 6
F a s t in g  P la s m a  T A G  (m m o l/ L ) 0 .8 5  ± 0 . 1 4 0 .8 4  ± 0 . 1 9
F a s t in g  T R L - T A G  (m m o l/ L ) 0 . 1 5  ± 0 . 0 5 0 . 1 6  ± 0 . 0 4
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3.5.2. Plasma TAG
F ig u re  3 .2  sh o w s th e  e ffe c ts  o f  ex erc ise  on  the  p la sm a  T A G  re sp o n se  to  th e  lo w ,  
m ed iu m  an d  high fa t  m e a ls , an d  th ese  v a lu es  a re  g iven  in T ab le  3 .a, in  A p p e n d ix  II. T he  
m ean fa s tin g  p la sm a  T A G  le v e ls  w e re  id en tica l in  th e  a c tiv e  an d  in a c tiv e  su b jects , a t the  
s ta rt o f  a ll th re e  te s t  m ea ls . T he su b jects  in  th e  a c tiv e  g ro u p  c o n s is te n tly  d e m o n s tra te d  a 
lo w e r  p o s tp ra n d ia l lip aem ic  re sp o n se , b oth  in  d u ra tio n  and m ag n itu d e, fo llo w in g  th e  th re e  
m eals. P ea k  p la sm a T A G  re sp o n se s  w e re  sig n ifican tly  lo w e r  in th e  a c tiv e  g ro u p  in  
re sp o n se  to  a ll th re e  m ea ls  (p < 0 .0 5  in each  case ). A n  in creas in g  m a g n itu d e  o f  p e a k  
p la sm a  T A G  w a s  seen  w ith  in creasin g  fa t  lo ad s. P ea k  p la sm a  T A G  c o n c e n tra tio n s  w e re  
re a c h e d  b e tw e e n  3  an d  4  h r  a f te r  m ea l co n su m p tio n , e x ce p t f o r  th e  a c tiv e  g ro u p  fe d  the  
high  fa t  m e a l, w h en  th e  p e a k  o c c u rre d  a fte r  2  h r, a lth ou g h  th e re  w a s  n o  sig n ifican t  
d iffe re n c e  in th e  tim e  to  p e a k  w ith  a ll te s t m ea ls. T he a c tiv e  g ro u p  b a re ly  d e m o n stra te d  
a n y  p o s tp ra n d ia l r ise  a fte r  th e  lo w  and  m ed ium  fa t  m ea ls. F o llo w in g  th e  lo w  fa t  m ea l, the  
m ean  (±  S D ) p e a k  p la sm a  T A G  in  th e  a c tiv e  and  in a c tive  g ro u p s  w e r e  1 . 0 4  (±  0 .2 4 )  
m m ol/L an d  1 . 5 1  (± 0 .3 8 )  m m ol/L, re sp e c tiv e ly . F o llo w in g  th e  m ed iu m  fa t  m e a l, the  
a c tiv e  an d  in a c tiv e  su b jects  h ad  m ean  p e a k  p la sm a  T A G  le v e ls  o f  1 . 0 9  (±  0 .3 3 )  m m ol/L  
and  1 .4 7  (± 0 .4 7 )  m m ol/L, re s p e c tiv e ly , an d  w ith  th e  h igh fa t  m ea l, th e  p e a k  T A G  in  
a c tiv e  a n d  in a c tiv e  su b jects  w a s  1 . 5 2  (± 0 .2 5 )  m m ol/L an d  1 . 9 2  (± 0 .3 1 )  m m ol/L, 
re s p e c tiv e ly . O n ly  a  sing le  p e a k  w a s  n o ted  in  bo th  g ro u p s . T h ere  w a s  a sig n ifican t  
d iffe re n c e  in th e  A U C  b e tw e e n  th e  a c tiv e  and  in a c tiv e  g ro u p s  fo llo w in g  th e  m ed iu m  fa t  
m e a l (p < 0 .0 5 )  and  the  h igh  fa t  m e a l (p < 0 .0 1 ) ,  as sh o w n  in  T a b le  3 .4 .
3 .5 .3 .  P la s m a  N E F A
F ig u re  3 .3  sh o w s th e  p la sm a  N E F A  c o n cen tra tio n s  fo llo w in g  th e  lo w , m ed iu m  and  
h igh  fa t  m ea ls , and  th ese  va lu es  a re  g iven  in  T ab le  3 .b , in  A p p e n d ix  II. P la sm a  N E F A  
le v e ls  e x h ib ite d  th e  c la ss ica l in v e r te d  b e ll shaped  re sp o n se , p a r tic u la r ly  a f te r  th e  lo w  an d  
m ed iu m  fa t  m ea ls . T h e  N E F A  le v e ls  d ecrea sed  ra p id ly  fo llo w in g  th e  lo w  fa t  m e a l to  m ean  
(±  S D ) v a lu e s  o f  0 . 1 3  (± 0 .0 9 )  m m ol/L in  bo th  g ro u p s. T h e  N E F A  v a lu e s  re a c h e d  the
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F ig u r e  3 . 2  T h e  e f fe c t s  o f  e x e r c is e  o n  p la s m a  t r ia c y lg ly c e r o l  re s p o n s e s  to  th re e  d i f fe r e n t  m e a ls  
c o n ta in in g  a) 2 0  g, b )  4 0  g  a n d  c) 8 0  g  o f  fa t .  V a lu e s  re p re s e n t  m e a n s  w ith  S E M  o f  7  s u b je c ts  in  
e a c h  g ro u p . T h e  a c t iv e  g ro u p  is  re p re s e n te d  b y  th e  s o lid  l in e  an d  th e  in a c t iv e  g ro u p  b y  th e  d a sh e d  
lin e .
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F ig u r e  3 .3  T h e  e f fe c ts  o f  e x e r c is e  o n  p la s m a  N E F A  re s p o n s e s  to  th re e  d i f fe r e n t  m e a ls  c o n ta in in g  
a) 2 0  g , b ) 4 0  g  a n d  c ) 8 0  g  o f  fa t .  V a lu e s  re p re s e n t  m e a n s  w ith  S E M  o f  7  s u b je c ts  in  e a c h  g ro u p .  
T h e  a c t iv e  g ro u p  is  re p re s e n te d  b y  th e  s o l id  l in e  a n d  th e  in a c t iv e  g ro u p  b y  th e  d a s h e d  lin e .
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lo w e s t  le v e ls  a b o u t 3  h r  a f te r  th e  m ea l and g e n e ra lly  re m a in ed  lo w  u n til the  5  h r  tim e  
p o in t, a f te r  w h ic h  th e y  b eg an  to  r ise , in  bo th  th e  a c tiv e  and  in a c tiv e  g ro u p s , fo llo w in g  th e  
lo w  an d  m e d iu m  fa t  m e a ls . T h e  re sp o n se  to  the  h ig h  fa t  m e a l w a s  d if fe re n t  as p o s tp ra n d ia l  
su p p ress io n  o f  N E F A  le v e ls  w a s  n o t  as c le a rly  d e m o n stra te d  as th e re  w a s  a s h a llo w e r  
p o s tp ra n d ia l d ip , w ith  m ean  (± S D )  le v e ls  fa llin g  to  0 .2 3  (± 0 .1 7 )  m m ol/L  and  0 . 3 1  (±  
0 .0 8 )  in  th e  a c t iv e  an d  in a c tiv e  g ro u p s , re s p e c tiv e ly . T he m ea l fa t  c o n te n t a p p e a re d  to  be  
th e  d o m in a n t in flu e n ce  o f  th e  N E F A  re sp o n se s  as th e  p ro file s  in th e  a c t iv e  an d  in a c tiv e  
g ro u p s  w e re  s im ila r w ith  c o rre sp o n d in g  m eals . A  n o tab le  d iffe re n c e  w a s  th a t w ith  th e  
high  fa t  m ea l, th e re  a p p e a red  to  be  a  la c k  o f  N E F A  le v e l su p p ress io n , p a r t ic u la r ly  in  th e  
in a c tiv e  g ro u p , w h e re  le v e ls  b eg an  to  r is e  e v en  a fte r  th e  f ir s t  h o u r. T h ere  w a s  no  
s ig n ifica n t d iffe re n c e  in  th e  A U C  b e tw e e n  th e  g ro u p s fo llo w in g  a n y  o f  th e  m e a ls , as s h o w n  
in  T a b le  3 .4 .
3 .5 .4 .  T R L - A p o  B - 4 8
F ig u re  3 .4  sh o w s  th e  T R L  ap o  B - 4 8  p ro fi le  fo llo w in g  th e  lo w , m ed iu m  an d  h igh  fa t  
m ea ls , an d  th e se  v a lu e s  a re  g iv e n  in  T ab le  3 .c , in  A p p e n d ix  II. T h e  a p o  B - 4 8  v a lu e s  in  th e  
in a c tiv e  g ro u p  w e r e  h ig h e r a t  e v e r y  tim e  p o in t fo llo w in g  an y  m eal. T h e  p e a k s  o c c u rre d  a t  
d iffe re n t  tim es b e tw e e n  th e  a c tiv e  an d  in a c tiv e  su b jects  w ith  an y  c o rre sp o n d in g  m e a l, an d  
w e r e  a lso  n o te d  to  o c c u r  a t d iffe re n t  tim es w h e n  c o m p a rin g  th e  re sp o n se s  b e tw e e n  m ea ls . 
F o llo w in g  th e  lo w  fa t  m ea l, th e  p e a k  re sp o n se  w a s  n o ted  4  h r  a f te r  th e  m ea l in  b o th  
g ro u p s . F o llo w in g  th e  m ed iu m  fa t  m ea l, th e  a c tiv e  su b jects sh o w e d  a  p e a k  re s p o n s e  a f te r  
4  h r, an d  th e  in a c tiv e  g ro u p  3  h r, a f te r  th e  m ea l. F o llo w in g  th e  h igh  fa t  m ea l, th e  a c t iv e  
g ro u p  h a d  an  e a r ly  p e a k  a t the  1 h r  tim e  p o in t a n d  th e  in a c tiv e  g ro u p  s h o w e d  a  b ro a d  p e a k  
b e tw e e n  2  an d  4  h r  a f te r  th e  m ea l. P e a k  a p o  B - 4 8  v a lu es  w e re  n o te d  to  b e  b e tw e e n  1 .7  
a n d  2 .2  tim es g re a te r  in  th e  in a c tiv e  c o m p a re d  to  th e  a c tiv e  g ro u p  f o r  a n y  c o rre sp o n d in g  
m ea l, a lth o u g h  n o  s ig n ifica n t d iffe ren c e s  w e re  n o te d  b e tw e e n  p e a k  le v e ls  a f te r  a ll m ea ls . 
F o llo w in g  th e  lo w  fa t  m ea l, ap o  B - 4 8  le v e ls  re tu rn e d  to  b ase lin e  in b o th  th e  a c tiv e  an d  
in a c tiv e  g ro u p s , w ith in  th e  8  h r s tu d y  p e rio d . T h e  le v e ls  rem ain  e le v a te d  a b o v e  b ase lin e  
a t th e  en d  o f  th e  8  h r  p o s tp ra n d ia l fo llo w -u p  p e rio d , a fte r  th e  m ed iu m  an d  h igh  fa t  m ea ls ,
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F ig u r e  3 . 4  T h e  e f fe c ts  o f  e x e r c is e  o n  T R L  a p o  B - 4 8  re s p o n s e s  to  th re e  d i f fe r e n t  m e a ls  
c o n ta in in g  a) 2 0  g , b )  4 0  g  a n d  c )  8 0  g  o f  fa t .  V a lu e s  re p re s e n t  m e a n s  w ith  S E M  o f  7  s u b je c ts  in  
e a c h  g ro u p . T h e  a c t iv e  g ro u p  is  re p re s e n te d  b y  th e  s o l id  l in e  an d  th e  in a c t iv e  g ro u p  b y  th e  
d a sh e d  lin e .
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in  b o th  g ro u p s . A lth o u g h  th e  T R L  ap o  B - 4 8  A U C  w a s  g re a te r  in  th e  in a c tiv e  g ro u p  
fo l lo w in g  a l l  th e  m ea ls , th is  d iffe re n c e  re a ch e d  sta tis tica l s ig n ific a n ce  o n ly  a fte r  th e  h ig h  fa t  
m e a l, as s h o w n  in  T a b le  3 .4 .
3 .5 .5 .  T R L  - R P
F ig u re  3 .5  sh o w s  th e  T R L -R P  p ro fi le  fo llo w in g  th e  lo w , m ed iu m  an d  h igh  fa t  m ea ls , 
a n d  th e  v a lu e s  a re  g ive n  in  T a b le  3 .d , in  A p p e n d ix  II. T R L -R P  le v e ls  w e re  lo w e r  in  th e  
a c tiv e  g ro u p  in  re sp o n se  to  a ll th re e  m ea ls . T h e  p e a k  R P  v a lu e  o c c u rre d  a t th e  6  h r  tim e  
p o in t, e x c e p t  fo r  th e  a c t iv e  g ro u p  g iv e n  th e  h ig h  fa t  m e a l, w h e re  th e  p e a k  o c c u rre d  a t 5  h r. 
R P  w a s  n o t  d e te c te d  u n til 2  h r a f te r  th e  m ea l and  le v e ls  d id  n o t re tu rn  to  b ase lin e  a f te r  8  
h r, in  b o th  g ro u p s , a f te r  a ll  m ea ls . F o llo w in g  the  lo w  fa t  m ea l, th e  a c tiv e  g ro u p  s h o w e d  a  
g ra d u a l r is e  to  p e a k  a t m ean  (±  S D ) v a lu e  o f  1 . 5 4  (±  0 .4 6 )  wmol/L an d  th e  in a c tiv e  g ro u p  
s h o w e d  a  p e a k  v a lu e  o f  3 .2 5  (± 1 .2 5 )  wmol/L, a t th e  6  h r p o in t. F o llo w in g  th e  m e d iu m  fa t  
m ea l, th e  a c tiv e  g ro u p  h ad  a  m ean  (± S D )  p e a k  v a lu e  o f  2 .2 2  (±  0 .6 9 )  wm ol/L a n d  th e  
in a c tiv e  g ro u p  sh o w e d  a  p e a k  v a lu e  o f  3 .9 4  (±  1 .7 0 )  wmol/L, a t th e  6  h r p o in t. W ith  th e  
h igh  fa t  m ea l, th e  a c tiv e  g ro u p  h a d  a  p e a k  v a lu e  o f  4 .2 6  (± 1 .7 8 )  wm ol/L a t th e  5  h r  tim e  
p o in t  an d  th e  in a c tiv e  g ro u p  sh o w e d  a p e a k  v a lu e  o f  5 .3 5  (±  1 .4 8 )  wm ol/L, a t th e  6  h r  tim e  
p o in t. A  s ig n ifica n t d iffe re n c e  w a s  fo u n d  in  th e  p e a k  T R L -R P  c o n c e n tra t io n  b e tw e e n  th e  
tw o  g ro u p s  a f te r  th e  lo w  (p < 0 .0 5 ) ,  m ed iu m  (p < 0 .0 1 )  and  h igh  (p  < 0 .0 5 )  fa t  m ea ls . 
T h e p o s tp ra n d ia l p ro fi le  o f  R P  w a s  s ig n ifica n tly  d iffe re n t to  th a t o f  a p o  B - 4 8  o r  T A G , as 
a sse sse d  b y  re p e a te d  m ea su res  an a lysis  o f  v a ria n c e . T h ere  w a s  a  2 - 3  h r  d e la y  in  th e  tim e  
to  p e a k  f o r  R P  re sp o n se s , w h e n  c o m p a re d  to  th e  ap o  B -4 8  p e a k  re sp o n se s . T h e  A U C  
w a s  s ig n ifica n tly  g re a te r  in  th e  in a c tiv e  c o m p a re d  to  th e  a c tiv e  g ro u p  fo llo w in g  a l l  m ea ls  
(p < 0 .0 1  in  e a c h  c a se ), as sh o w n  in  T a b le  3 .4 .
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F ig u r e  3 . 5  T h e  e f fe c t s  o f  e x e r c is e  o n  T R L  R P  re s p o n s e s  to  th re e  d i f fe r e n t  m e a ls  c o n ta in in g  a) 2 0  
g, b ) 4 0  g  a n d  c )  8 0  g  o f  fa t . V a lu e s  re p re s e n t  m e a n s  w ith  S E M  o f  7  su b je c ts  in  e a c h  g ro u p . T h e  
a c t iv e  g ro u p  is  r e p re s e n te d  b y  th e  s o lid  l in e  an d  th e  in a c t iv e  g ro u p  b y  th e  d a s h e d  lin e .
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3.5.6. TRL-TAG
F ig u re  3 .6  sh o w s  th e  T R L -T A G  p ro f i le  fo llo w in g  the  lo w , m ed iu m  an d  h ig h  fa t  m ea ls , 
an d  th e se  v a lu e s  a re  g iv e n  in T ab le  3 .e , in A p p e n d ix  II. T he p o s tp ra n d ia l p ro fi le  f o r  T R L -  
T A G  w a s  s im ila r to  th a t o f  th e  p la sm a  T A G  p ro file . T h e  fa s tin g  T R L -T A G  v a lu e  o n  a ll 
su b jects  re p re s e n te d  a b o u t 2 0 %  o f  p la sm a  v a lu es . F o llo w in g  th e  lo w  fa t  m ea l, th e  a c tiv e  
g ro u p  h a rd ly  d e m o n stra te d  a  p o s tp ra n d ia l r ise , b u t th e  in a c tiv e  g ro u p  d isp la y e d  a  5 - fo ld  
in c re a se  o f  fa s tin g  le v e ls  to  p e a k  a t a  m ean  (± S D ) v a lu e  o f  0 .7 6  (±  0 . 3 1 )  m m ol/L. T h e  
re s p o n s e  o f  th e  a c tiv e  an d  in a c tiv e  g ro u p s  to  th e  m ed ium  fa t  m e a l a p p e a red  to  b e  s im ila r  
e x c e p t th a t th e  a c tiv e  g ro u p  h ad  lo w e r  c o n cen tra tio n s  at a ll tim e  p o in ts . T h e  p e a k  v a lu e s  
f o r  th e  a c tiv e  an d  in a c tiv e  g ro u p s  fo llo w in g  th e  m ed ium  fa t  m ea l w e re  0 .4 6  (±  0 .2 4 )  
m m ol/L  an d  0 .7 1  (± 0 .3 8 )  m m ol/L, re sp e c tiv e ly . F o llo w in g  th e  h igh  fa t  m e a l, th e  a c tiv e  
su b je c ts  s h o w e d  p e a k  c o n c e n tra tio n  o f  0 .8 2  (± 0 . 1 8 )  m m ol/L a t th e  2  h r tim e  p o in t, w h ile  
th e  in a c tiv e  g ro u p  d isp la y ed  a  b ro a d  p e a k  b e tw e e n  2  and 4  h r  a t a p e a k  v a lu e  o f  1 . 0 3  (±  
0 .2 6 )  m m ol/L. T h e  p a tte rn  o f  p o s tp ra n d ia l T R L -T A G  re sp o n se  in  th e  in a c tiv e  g ro u p  
s h o w e d  a  p ro m in e n t p e a k  w ith  a sharp  d e c lin e  to  fa s tin g  le v e ls  fo l lo w in g  th e  lo w  fa t  m ea l. 
T his p a tte rn  o f  re sp o n se  d iffe re d  w ith  th e  m ed iu m  and  h igh  fa t  m ea ls , w h e re  th e re  
a p p e a re d  to  b e  a  g ra d u a l r is e  to  a  su sta in ed  p e a k . A  sig n ifican t d iffe re n c e  w a s  fo u n d  in  th e  
p e a k  T R L -T A G  c o n c e n tra t io n  b e tw e e n  th e  a c tiv e  an d  in a c tiv e  g ro u p s  a f te r  th e  lo w  (p  < 
0 .0 1 ) ,  m ed iu m  (p  < 0 .0 5 )  an d  h igh  (p < 0 .0 5 )  fa t  m ea ls . T h e  T R L -T A G  A U C  w a s  
s ig n ifica n tly  g re a te r  in th e  in a c tiv e  g ro u p  fo llo w in g  a ll m ea ls  (p < 0 .0 5 ,  in  e a ch  c a s e ) , as 
sh o w n  in  T a b le  3 .4 .
3 .5 .7 .  P o s t - H e p a r in  L P L  A c t i v i t y
T h e  5  an d  1 5  m in  p o s t-h e p a rin  L P L  a c tiv ity  in th e  a c tiv e  an d  in a c tiv e  g ro u p s , 
fo l lo w in g  th e  lo w , m ed iu m  an d  h igh  fa t  m ea ls  is  g iv e n  in F ig u re  3 .7  an d  in  T a b le  3 .3 .  T h e  
1 5  m in  p o s t-h e p a rin  L P L  a c tiv ity  w a s  g re a te r  in th e  a c tiv e  th an  in  th e  in a c tiv e  g ro u p s , 
a f te r  a ll  th re e  m ea ls , b u t o n ly  re a c h e d  s ta tis tica l s ig n ifican ce  f o r  th e  1 5  m in  v a lu e , 
fo l lo w in g  th e  h ig h  fa t  m e a l (p < 0 .0 5 ) .
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(a)
(b)
o
I
(C)
Time in Hours
1 .4 0  
1.20 
1.00 
0 .8 0  
0 .6 0  
0 .4 0
0.20 K  
0.00
3 4  5
Time in Hours
Time in Hours
F ig u r e  3 . 6  T h e  e f fe c t s  o f  e x e r c is e  o n  T R L  T A G  re s p o n s e s  to  th re e  d i f fe r e n t  m e a ls  c o n ta in in g  
a) 2 0  g , b )  4 0  g  a n d  c )  8 0  g  o f  fa t . V a lu e s  re p re s e n t  m e a n s  w ith  S E M  o f  7  s u b je c ts  in  e a c h  
g ro u p . T h e  a c t iv e  g ro u p  is  re p re s e n te d  b y  th e  s o l id  l in e  a n d  th e  in a c t iv e  g ro u p  b y  th e  d a s h e d  
lin e .
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5  m in  p o s t-h e p a r in 1 5  m in  p o st-h e p a rin
J* 360 -
3
5  m in  p o s t-h e p a r in  1 5  m in  p o st-h e p a rin
5  m in  p o s t-h e p a r in  1 5  m in  p o st-h ep a rin
F ig u r e  3 . 7  T h e  5  a n d  1 5  m in  p o s t-h e p a r in  p la s m a  L P L  a c t iv i ty  in  th e  a c t iv e  ) an d  
in a c t iv e  ( l l l l l l l l ) g ro u p s  fo l lo w in g  m e a ls  c o n ta in in g  a) 2 0  g, b) 4 0  g a n d  c )  8 0  g  o f  fa t . B a rs  
re p re s e n t  m e a n  w ith  S E M  o f  5  s u b je c ts  in  e a c h  g ro u p .
A significant difference between the active and inactive group following the 80 gfat meal is 
indicated where * p < 0.05
3.5.8. AUC of the Assessed Parameters
T a b le  3 .4  sh o w s  th e  re su lts  o f  th e  co m p u ted  1 2  h r A U C  fo r  th e  p a ra m e te rs  assessed . 
A l l  u n its  o f  m e a su rem e n t a re  g iven  an d  sig n ifican t d iffe ren c e s  b e tw e e n  th e  a c t iv e  an d  
in a c t iv e  g ro u p s a re  in d ic a te d  . T h e  p la sm a  T A G , T R L -a p o  B - 4 8 ,  T R L -R P  a n d  T R L -T A G  
a ll s h o w e d  s ig n ifica n tly  lo w e r  A U C , in th e  a c tiv e  g ro u p , fo llo w in g  th e  h ig h  fa t  m ea l. In  
a d d itio n , th e  A U C  f o r  th e  T R L -R P  and  T R L -T A G  w e re  s ig n ifica n tly  lo w e r  in  th e  a c tiv e  
g ro u p , fo llo w in g  th e  lo w  and  m ed iu m  fa t  m ea ls. T h e  T R L  ap o  B - 4 8  A U C  in  th e  a c t iv e  
g ro u p  re m a in e d  fa ir ly  c o n s ta n t fo r  a ll th ree  m ea ls  w h ile  T R L -R P  an d  T R L -T A G  in  th e  
a c tiv e  g ro u p  an d  a ll T R L  m a rk e rs  in th e  in a c tiv e  g ro u p  sh o w e d  a  s te p w ise  in cre m e n t, 
d e p e n d e n t on  th e  fa t  lo a d  o f  th e  m ea l. T h ese  re sp o n se s  a re  sh o w n  in  F ig u re  3 .8 .  T h e  
I A U C , w h ic h  c o r re c ts  f o r  b ase lin e  d iffe ren ces  w e re  n o t co m p u ted  as th e  fa s tin g  le v e ls  o f  
a l l  s tu d ie d  p a ra m ete rs  w e re  n o t s ig n if ic a n tly  d iffe re n t  b e tw e e n  th e  g ro u p s.
3 .5 .9 .  T R L - T A G / A p o  B - 4 8  a n d  T R L -R P / A p o  B - 4 8  R a t io
T a b le  3 .5  s h o w s  th e  ra tio  o f  T R L -T A G  to  apo  B - 4 8  an d  T R L  -R P  to  a p o  B - 4 8  A U C s .  
T h e se  ra t io s  a re  an  in d e x  o f  th e  s iz e  o f  th e  C M , as T A G  an d  R P  re p re s e n t th e  c o re  c o n te n t  
o f  th e se  p a rtic le s . T h e re  w a s  a  s te p w ise  in crem en t in  th e  T A G : ap o  B - 4 8  ra tio  w ith  
in c re a s in g  fa t  lo a d  in  th e  a c tiv e  g ro u p , w h e re a s  th e  ra tio  in th e  in a c tiv e  g ro u p  a p p e a re d  to  
b e  c o n s ta n t. A  s ig n ifica n t d iffe re n c e  in  th e  T A G : ap o  B - 4 8  A U C  ra tio  w a s  n o te d  
fo l lo w in g  the  lo w  an d  h ig h  fa t  m e a ls . T R L -R P  to  apo  B -4 8  ra tio  in c re a s e d  w ith  in c re a s in g  
fa t  c o n te n t  o f  th e  m e a l in  b o th  g ro u p s , h o w e v e r , th e  e x te n t o f  in c re a se  in  th e  ra t io  w a s  
g re a te r  in  th e  a c tiv e  th an  th e  in a c tiv e  g ro u p  (3 .4 - fo ld  and  1 .6 - fo ld  in c re a se , re s p e c tiv e ly ) .  
H o w e v e r , th e re  w a s  n o  s ig n ifica n t d iffe re n c e  in  th e  T R L -R P /apo  B - 4 8  ra t io  b e tw e e n  th e  
a c tiv e  a n d  in a c tiv e  g ro u p , fo llo w in g  an y  o f  the  m ea ls .
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Table 3.3
E x e rc is e  s tu d y : T h e  m ea n  (± S D ) 5  a n d !5  m in  p o s t-h e p a rin  L P L  a c t iv ity  in  th e  a c t iv e  
an d  in a c tiv e  g ro u p s fo llo w in g  the  lo w , m ed iu m  an d  h ig h  fa t  m ea ls
L P L  A C T I V I T Y  (n m o /m in o le a te .m l p la s m a )
A C T I V E  G R O U P I N A C T I V E G R O U P
5  m in 1 5  m in 5  m in 1 5  m in
L o w  F a t  M e a l  
M e d iu m  F a t  M e a l  
H ig h  F a t  M e a l
7 6  ± 4 0  
1 3 4  ± 5 4  
1 8 7  ±  7 6
1 7 1  ± 1 1  
1 9 5  ± 1 1  
3 7 4  ± 1 4 8 *
9 4  ±  9 0  
1 5 1  ± 1 5 5  
9 3  ± 2 5
1 4 6  ±  6 0  
1 9 1  ± 7 6  
1 4 8  ±  5 2
* p  < 0 .0 5  a c t iv e  vs in a c tiv e  su b jects
T A B L E  3 .4
E x e rc ise  s tu d y : T h e  m ea n  (±  S D )  8  h r in te g ra te d  A U C  o f  p a ra m ete rs  a sse sse d  in  th e  
a c tiv e  an d  in a c tiv e  g ro u p s fo llo w in g  th e  lo w , m ed iu m  an d  h ig h  fa t  m e a ls
L o w  F a t  M e a l M e d iu m  F a t  M e a l H ig h  F a t  M e a l
A c t iv e I n a c t iv e A c t iv e I n a c t iv e A c t i v e I n a c t iv e
P la s m a  T A G  
(m m o l/ L .m in )
4 5 6
( ± 8 2 )
5 4 6
( ± 8 0 )
4 6 1
( ± 1 0 1 )
6 0 3 *
( ± 1 1 4 )
5 2 6
( ± 8 5 )
6 7 6 * *
( ± 3 4 )
P la s m a  N E F A  
(m m o l/ L .m in )
1 5 4
( ± 5 6 )
1 4 9
( ± 6 4 )
1 5 5
( ± 9 5 )
1 6 8
( ± 5 8 )
1 7 7
( ± 7 2 )
1 9 5
( ± 5 6 )
T R L - T A G
(m m o l/ L .m in )
1 1 5
( ± 1 3 )
2 0 8 *
( ± 6 9 )
1 6 3
( ± 6 4 )
2 8 1 *  
(± 1 0 6 )
2 3 7
( ± 6 4 )
3 3 0 *
( ± 6 9 )
T R L - a p o  B - 4 8  
(%  s td .m in )
7 6 0 2
( ± 7 6 3 5 )
1 1 7 2 5
( ± 8 1 7 0 )
7 9 6 9
( ± 3 4 7 4 )
1 8 9 7 7  
(± 1 3 8 6 2 )
7 9 0 3  
(±  3 5 5 9 )
2 3 0 4 6 *
( ± 1 5 1 9 5 )
T R L - R P
(M m ol/L .m in)
2 7 2
( ± 8 6 )
8 2 8 * *
( ± 6 5 0 )
5 4 0  
(± 1 5 6 )
1 1 7 4 * *
( ± 3 4 7 )
7 8 5
( ± 2 1 7 )
1 5 5 2 * *
( ± 5 5 4 )
* p  <  0 .0 5 ;  * *  p  <  0 .0 1  a c t iv e  vs in a c tiv e  su b jects  fo llo w in g  th e  c o rre sp o n d in g  m e a l
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F ig u r e  3 . 8  T h e  A U C  f o r  T R L -a p o  B - 4 8 ,  T R L -R P  an d  T R L -T A G  in  a) th e  a c t iv e  g ro u p  a n d  b ) th e  
in a c t iv e  g ro u p  fo l lo w in g  m e a ls  o f  2 0  g , 4 0  g a n d  8 0  g o f  fa t. B a rs  re p re s e n t m e a n s  w ith  S E M  o f  7  
su b je c ts  in  e a c h  g ro u p .
A significant difference from the 20 gfat meal for any parameter, within each group, is indicated by 
* p < 0.05
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Table 3.5
E x e rc ise  s tu d y : T he m ean  (±  S D ) T R L  T A G : ap o  B - 4 8  an d  R P : ap o  B - 4 8  A U C  
ra t io s  in  th e  a c t iv e  an d  in a c tiv e  g ro u p s fo llo w in g  the lo w , m e d iu m  an d  h ig h  fa t  m e a ls
A C T I V E  G R O U P I N A C T I V E  G R O U P
T R L  T A G :  A P O  B - 4 8  R A T I O
L o w  F a t  M e a l 2 6 .7  ±  7 .0 * 1 4 .9  ± 3 . 4
M e d iu m  F a t  M e a l 2 3 .6  ±  1 2 .4 1 4 .8  ± 4 . 7
H ig h  F a t  M e a l 5 0 .2  ± 2 2 .9 * * 1 3 .8  ± 5 . 5
T R L  R P :  A P O  B - 4 8  R A T I O
L o w  F a t  M e a l 1 8 .4  ± 9 . 6 2 2 . 0  ±  9 .9
M e d iu m  F a t  M e a l 4 5 .3  ±  3 0 .9 3 1 . 2  ± 1 5 . 0
H ig h  F a t  M e a l 6 1 . 6  ± 2 8 . 5 3 4 .6  ±  1 7 .5
* p  < 0 .0 5 ;  * *  p  < 0 .0 1  fo r  th e  ra tio  in  a c tiv e  vs in a c tiv e  su b jects  fo l lo w in g  the  
c o r re sp o n d in g  m e a l
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3.6. DISCUSSION
P h y s ic a l e x e rc is e  has b een  sh o w n  to  h a v e  a  fa v o u ra b le  e f fe c t  o n  so m e  o f  th e  r is k  
fa c to rs  a sso c ia te d  w ith  C H D . H o w e v e r , th e  e ffe c ts  o f  e x e rc is e  o n  C M  p a rtic le  
m e ta b o lism  h a v e  n o t  b een  c le a r ly  sh o w n . D u e  to  th e  p o te n tia lly  a th e ro g e n ic  n a tu re  o f  
C M -R , c o n d itio n s  w h ic h  in c re a se  th e  m ag n itu d e  o f  th e  p o s tp ra n d ia l lip a e m ic  re s p o n s e  
m a y  b e  a sso c ia te d  w ith  an in c re a se d  r is k  o f  C H D  (Z ilve rsm it, 1 9 7 9 ) .  C u rre n t  m eth o d s  
to  f o l lo w  C M  m e ta b o lism  re ly  o n  th e  u se  o f  R P  lab elling  o f  th e se  p a rtic le s  a lth o u g h  
th e re  h a v e  b een  d o u b ts  a b o u t th e  v a lid ity  o f  th is m a rk e r (K ra s in sk i e t  a l., 1 9 9 0 b ) .  A  
b e tte r  m a rk e r  o f  C M  is ap o  B - 4 8  as th is p ro te in  is  u n iqu e and  in te g ra l to  th e  C M . T h e  
a v a ila b ility  o f  a  n o v e l m o n o sp e c ific  an tib o d y  to  a p o  B - 4 8  (P ee l e t  a l., 1 9 9 3 )  e n a b le d  
b o th  th e se  m a rk e rs  to  b e  m e a su re d  an d  th e ir re sp o n se  c o m p ared , in  e x p e r im e n ta l stu d ies  
o f  p o s tp ra n d ia l lip a e m ia  in  m an . A s  fa r  as is  k n o w n , th is  is the  o n ly  s tu d y  a d d ress in g  th e  
e ffe c ts  o f  e x e rc is e  on  p o s tp ra n d ia l C M  m e ta b o lism  b y  th e  m e a su rem en t o f  apo  B - 4 8 .
T his s tu d y  ex a m in e d  th e  e ffe c t  o f  h ab itu a l, m o d e ra te  e x e rc is e  o n  th e  
p o s tp ra n d ia l re s p o n s e  fo llo w in g  m ix ed  m eals  w h ich  re p re se n t th e  ra n g e  o f  u su a l fa t  
in ta k e s . T h e  p ro to c o l u sed  in  this stu d y  en ab led  us to  in v es tig a te  s e v e ra l a sp e c ts  o f  
lip o p ro te in  m eta b o lism . W e  w a n te d  to  d e term in e  (i) w h e th e r e x e rc is e  s ig n ifica n tly  
re d u c e d  C M  p a rtic le s  in  c irc u la tio n  a n d  (ii) w h e th e r  th e re  w a s  an y  d iffe re n c e  in  th e  w a y  
in c re a s in g  fa t  lo a d s  w e re  m e ta b o lise d  b e tw e e n  e x e rc ise rs  and  s e d e n ta ry  y o u n g  m en . T h e  
a p p lic a tio n  o f  th e  ap o  B - 4 8  an tib o d y , to g e th e r w ith  m a rk ers  o f  C M  c o re  lip id s, T R L -  
T A G  an d  T R L -R P , a l lo w  C M  m eta b o lism  to  be stu d ied  in  m o re  d e ta il, an d  e n ab le  
sp e c u la tio n  o n  th e  n u m b ers  an d  s ize  o f  C M  p ro d u ced .
T h is  w a s  n o t an  in te rv e n tio n  s tu d y  an d  a ll su b jects  s e lf- re p o r te d  th e ir  le v e l  o f  
p h y s ic a l a c t iv ity , w h ic h  in  th e  a c tiv e  g ro u p  ra n g ed  fro m  a m in im u m  o f  th re e  3 0  m in  
sess io n s  to  fo u r  6 0  m in  sess io n s  o f  ae ro b ic  e x e rc ise  p e r  w e e k . T h e  su b jec ts  se le c te d  to  
p a rtic ip a te  in  th is s tu d y  w e re  c lo se ly  m a tch ed  an d  w e re  y o u n g  m en , w h o  w e r e  n o n -  
o b e se  an d  h ad  s im ila r B M I  an d  p e rc e n ta g e  b o d y  fa t. T h eir h ab itu a l n u trie n t in ta k es  
w e r e  e x a m in e d  in  d e ta il an d  n o  s ta tis tic a l s ig n ifica n ce  w a s  fo u n d  in  th e  c o m p o s itio n s  o f  
th e  d ie t. A l l  s tu d y  su b jects  h ad  an  a p o  E3/E3 p h en o ty p e  a n d  w e r e  m a tc h ed  w ith  
re s p e c t  to  sm o k in g  an d  a lc o h o l co n su m p tio n , k n o w n  c o n fo u n d in g  fa c to rs  in
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p o s tp ra n d ia l stu d ies  (S e th i e t  a l., 1 9 9 3 ) .  In the p re se n t w o rk , su b jec ts  w e r e  s tu d ied  a t  
le a s t  3 6  h a f te r  th e  la s t  b o u t o f  e x e rc ise  th u s a vo id in g  th e  acu te  e ffe c ts  o f  s h o rt  te rm  
e x e rc is e  on  lip o p ro te in  m eta b o lism . T h e  re su lts  in d ica te  th a t th e  fa v o u ra b le  e ffe c ts  o f  
e x e rc is e  p r e v a i l  fo r  a t le a s t a  d a y  a f te r  th e  la s t  b ou t o f  e x e rc ise .
T h e  p r in c ip a l fin d in g s  in  th is s tu d y  w e re  th a t c o m p a re d  to  the  in a c tiv e  su b je c ts , th e  
a c t iv e  g ro u p  sh o w e d :
- n o  s ig n ific a n t d iffe re n c e  in  fa s tin g  p la sm a  and T R L - T A G ,
- im p ro v e d  C M  m eta b o lism  in  te rm s o f  d im in ished  p e a k  re sp o n se  an d  A U C  o f  T R L  
a p o  B - 4 8 ,
- a  lo w e r  p o s tp ra n d ia l lip aem ic  re sp o n se  in  term s o f  T R L - T A G  an d  R P  A U C  f o r  an y  
g iv e n  fa t  m e a l an d
- an  in c re a s e d  p o s t-h e p a rin  L P L  a c tiv ity .
H a sk e ll ( 1 9 8 6 )  an d  K r is -E th e rto n  e t  al. ( 1 9 8 8 )  sh o w e d  lo w e r  fa s tin g  p la sm a  T A G  
in  a c tiv e  su b je c ts . F astin g  T A G  le v e ls  a re  s tro n g ly  c o r re la te d  w ith  th e  e x te n t  o f  th e  
p o s tp ra n d ia l lip ae m ic  re sp o n se , and  to  th e  ra te  o f  C M  m eta b o lism  (C h e n  e t  a l., 1 9 9 3 ) .  
In  th e  p re s e n t  s tu d y , th e re  w a s  no  s ta tis tic a lly  sig n ifican t d iffe re n c e  in  th e  fa s tin g  T A G  
c o n c e n tra t io n s  b e tw e e n  th e  a c tiv e  an d  in a c tiv e  su b jects . T his o b s e rv a tio n  m a y  be  
re la te d  to  th e  su b je c t ag e  g ro u p  in  th e  p re se n t stu d y , as G o ld b e rg  &  E llio t  ( 1 9 8 7 )  an d  
H a sk e ll ( 1 9 8 6 ) ,  h a v e  su g g este d  th a t ch an g es in fa s tin g  T A G  le v e ls  a re  o b s e rv e d  m o re  
c o m m o n ly  in  a c t iv e  m id d le -a g e d  m en , as a  re su lt o f  a  lo n g  te rm  b e n e fit  o f  e x e rc ise . 
C o h e n  e t  a l. ( 1 9 8 9 ) ,  s tu d ied  th e  e ffe c ts  o f  en d u ran ce  tra in in g  on C M - T A G  m eta b o lism  
b y  m ea n s o f  d u o d e n a l p e rfu s io n  stu d ies an d  in tra ven o u s  fa t  to le ra n c e  te s ts , an d  fo u n d  
th a t  c h ro n ic  e x e rc is e  d e c rea ses  p o s tp ra n d ia l lip aem ia  b y  re d u c in g  th e  C M - T A G  h a lf-  
l i fe  in  c irc u la tio n . T h ey  c o n c lu d e d  th a t th is e ffe c t  w a s  p a r t ly  d u e  to  a  re d u c e d  fa s tin g  
T A G  p o o l s ize  an d  p a r tly  to  a  d ire c t e f fe c t  o f  e x e rc ise  on th e  p la sm a  T A G  re m o v a l  
m ech an ism . In  th e  p re se n t s tu d y , as th e  fastin g  T A G  p o o l s ize  w a s  s im ila r b e tw e e n  
th e  g ro u p s , d iffe re n c e s  in C M  m eta b o lism  w e re  a  d ire c t re s u lt  o f  e x e rc is e  o n  th e  
re m o v a l m e ch a n ism s o f  th ese  p a rtic les .
T h e  p re s e n t  s tu d y  d e m o n stra te d  th e  b en e fic ia l e f fe c t  o f  e x e rc ise  o n  th e  a lim e n ta ry  
c o m p o n e n t o f  th e  p o s tp ra n d ia l re sp o n se . T h e  p o s tp ra n d ia l C M  A U C , as a s se sse d  by  
T R L  a p o  B - 4 8 ,  w a s  lo w e r  in th e  a c tiv e  g ro u p  b y  3 5 % , 5 8 %  and  6 6 %  a f te r  th e  lo w ,
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m ed iu m  an d  h igh  fa t  m ea ls  re s p e c tiv e ly ; th e  d iffe ren c e  being  s ta tis tic a lly  s ig n ifica n t  
fo llo w in g  th e  h igh  fa t  m ea l.
C M  p a rtic le s  a p p e a red  to  be m e ta b o lise d  a t a m o re  ra p id  ra te  in  th e  a c t iv e  g ro u p , 
as in d ic a ted  in th e  8  h r  A U C  v a lu e s . T his m a y  a rise  fro m  d iffe ren c e s  in  in testin a l C M  
syn th esis  an d  sec re tio n , m o re  ra p id  in tra v a sc u la r  p ro c ess in g  o f  C M  and/or m o re  ra p id  
h ep a tic  u p ta k e  o f  C M -R  in the  e x e rc is e  g ro u p . T h e  p re se n t stu d y  is  lim ite d  in th a t th e  
m ech an istic  basis f o r  im p ro v e d  C M  m eta b o lism  in  th e  e x e rc ise  g ro u p  c a n n o t be  
a sc e rta in e d , as th e  s tu d y  is n o t d e sig n e d  to  d istingu ish  the  v a r io u s  p h ases  o f  C M  
m e ta b o lism  i.e . -C M  syn th e s is  an d  sec re tio n , C M  h y d ro ly s is  and  C M -R  h ep a tic  u p tak e . 
H o w e v e r , th e  T R L  fra c tio n  c o n ta in s  th e  m o re  b u o y a n t C M  an d  p ro b a b ly  d o e s  n o t  
re f le c t  C M -R  m etab o lism . A ls o ,  in  th e  e a r ly  p o stp ra n d ia l p e r io d , th e  a p o  B - 4 8  
re s p o n s e  w a s  s im ila r b e tw e e n  th e  a c tiv e  an d  in a c tiv e  g ro u p s, su g g estin g  c o m p a ra b le  
e n te ro c y te  C M  p ro d u c tio n , a t le a s t  in th e  fa s tin g  sta te . H en ce, th e  m o s t lik e ly  
m ech an ism  w h e re b y  e x e rc ise  im p ro v e s  C M  m etab o lism  is b y  en h a n ce d  in tra v a sc u la r  
p ro c e s s in g  o f  th e  C M  p a rtic le . A s  d iscu ssed  la te r , th is is b o rn e  o u t b y  th e  fin d in g s o f  
in c re a s e d  L P L  a c tiv ity  an d  an in c re a se d  RP/apo B - 4 8  ra tio  in  e x e rc ise  su b jec ts . T h ese  
fin d in g s su p p o rt th e  h yp o th es is  th a t e x e rc ise  ap p ears  to  re s u lt  in an  in c re a se  in  th e  s ize  
o f  th e  C M  in re sp o n se  to  a  fa t  m ea l, m ak in g  th ese  p a rtic les  e v e n  m o re  am en a b le  to  
L P L  m ed ia ted  h y d ro ly s is .
In  th e  p re se n t s tu d y , th e  T R L -R P  A U C  re sp o n se  b e tw e e n  th e  a c t iv e  an d  in a c tiv e  
g ro u p s  s h o w e d  s ig n ifica n t d iffe re n c e s  o f  6 7 % , 5 4 %  and  4 9 %  fo llo w in g  th e  lo w ,  
m ed iu m  an d  h igh fa t  m ea ls , re s p e c tiv e ly  (p < 0 .0 1  in  each  case ). T h ese  re su lts  w e re  
c o n c o rd a n t w ith  th e  fin d in g s o f  o th e r  p u b lish ed  w o rk  w h ich  e x a m in e d  th e  e ffe c ts  o f  
p h y s ic a l c o n d itio n in g  on  p o s tp ra n d ia l lip o p ro te in  m e ta b o lism , u tilis in g  R P  as a  m a rk e r  o f  
C M  in  th e  in  th e  S f  > 1 0 0 0  fra c tio n . W e in tra u b  e t  al. ( 1 9 8 9 a )  sh o w e d  th a t  se d e n ta ry  m en  
p u t  th ro u g h  a  tra in in g  sch em e o f  1 5  m iles/ w eek  f o r  7  w e e k s , s h o w e d  a  s ig n ifica n t 1 6 %  
in c re a se  in  L P L  a c tiv ity , 1 6  %  re d u c tio n  in  fa s tin g  T A G  an d  3 7 %  re d u c tio n  in  C M  p e a k  
an d  A U C  v a lu e s . T h ey  a ttrib u ted  th ese  lip id  and lip o p ro te in  c h an g es to  in c re a se d  in 
L P L  a c tiv ity  fo llo w in g  tra in ing . M a n k o w itz  e t  al. ( 1 9 9 2 ) ,  s tu d ied  a  g ro u p  o f  e lite  
a th le te s  to  a sce rta in  w h e th e r  in te rru p tio n  o f  tra in in g  (d etra in in g ) w a s  a sso c ia te d  w ith  
ch an g e s  in  p o s tp ra n d ia l lip o p ro te in s . T h ese  e lite  ru n n ers  w e re  s tu d ied  in  th e  tra in ed  
s ta te  an d  ag a in  a b o u t 2 - 3  w e e k s  o f  d e tra in in g . D etra in in g  re su lte d  in  a  s ig n ifica n t 2 1 %
111
d e c re a s e  in  L P L  a c tiv ity  and  sig n ifica n tly  in c re a sed  th e  p o stp ra n d ia l C M  A U C  b y  4 1 % .  
T h e y  fo u n d  n o  ch an g e  in  fa s tin g  p la sm a  c h o le s te ro l, L D L -C  o r  T A G . I t a p p e a re d  th a t  
e x e rc is e  c o n fe r re d  a  p o te n tia lly  b en e fic ia l, bu t re v e rs ib le , e f fe c t  o n  th e  p o s tp ra n d ia l 
lip o p ro te in  p ro fi le .
In  th e  p re s e n t s tu d y , th e  p o s tp ra n d ia l p la sm a  T A G  re sp o n se s  to  th e  th re e  m ea ls  
d e m o n s tra te d  a p ro g re s s iv e  in cre a se  to  in creasin g  fa t  lo a d s . T he A U C  p e r  g ra m  o f  fa t  
in ta k e  in  th e  a c tiv e  g ro u p  w a s  2 2 .8 ,  1 1 .5  an d  6 .6 ,  fo llo w in g  the  2 0  g , 4 0  g , an d  8 0  g  
fa t  m e a ls , re s p e c tiv e ly . T h e  c o rre sp o n d in g  ra tio s  in  the  in a c tiv e  g ro u p  w e r e  2 7 . 3 ,
1 5 . 1  an d  8 .4 5 ,  re s p e c tiv e ly . T h ese  re su lts  su g g est th a t as the fa t  c o n te n t  o f  a  m ea l 
in c re a se s , th e re  is an  in c re a sed  c le a ra n ce  o f  T A G , w h ich  m a in ta in s  c irc u la tin g  
c o n c e n tra t io n s  w ith in  d e fin e d  lim its . F ro m  th ese  re su lts , it ap p ears  th a t th e re  is  a  s te p ­
w is e  in c re m e n t in  th e  c a p a c ity  to  m e ta b o lise  T A G  f o r  an y  m ea l an d  th a t th is c a p a c ity  is 
n o t  e x c e e d e d , as th e re  is an a p p ro x im a te  h a lv in g  o f  th e  ra t io , w ith  d o u b lin g  o f  th e  fa t  
c o n te n t o f  th e  m ea l. In  ad d itio n , th is re g u la to ry  m echan ism  a p p e a rs  to  b e  s im ila r 
b e tw e e n  a c tiv e  a n d  in a c tiv e  su b jects , e x c e p t  th a t th e  fo rm e r  g ro u p  h a v e  a  h ig h e r ra t io  
f o r  e a ch  c o rre sp o n d in g  m ea l su g g estin g  a  d e g re e  o f  ‘in to le ra n c e ’ to  T A G  fo llo w in g  a  
fa t  m ea l.
T h e  8 0  g  fa t  m e a l a p p e a red  to  h ig h lig h t th e  d iffe ren c es  b e tw e e n  th e  a c t iv e  an d  
in a c tiv e  g ro u p s , as lo w e r  p e a k  v a lu e s  an d  A U C  re sp o n se s  w e re  o b s e rv e d  in  th e  a c tiv e  
g ro u p  w ith  s ig n ifica n t d iffe ren c e s  o f  2 2 % , 6 6 % , 4 9 %  an d  2 8 %  in  p la sm a  T A G , T R L -  
a p o  B - 4 8 ,  T R L -R P  an d  T R L -T A G , re s p e c tiv e ly . A n  8 0  g fa t  m e a l is  an  e sp e c ia lly  
la rg e  o n e , in  v ie w  o f  th e  fa c t  th a t i t  w a s  g ive n  to  th e  su b jects in th e  m o rn in g  an d  th a t  
th e  h a b itu a l fa t  in ta k es  o f  th e  s tu d y  su b jects  w a s  ab o u t 1 0 0  g  fo r  th e  w h o le  d a y . I t w a s  
d e s ig n e d  to  e x a g g e ra te  a n y  p o ss ib le  d iffe ren c e s  in th e  ac tive  an d  in a c tiv e  g ro u p s . 
T h ese  fin d in g s u n d e rsc o re  th e  re q u ire m e n t fo r  a  p ru d e n t d iet, p a r t ic u la r ly  in  in a c tiv e  
su b je c ts  an d  in d ica tes  th a t e x e rc ise  p ro v id e s  a d e g re e  o f  p ro te c tio n  to  m e a l in d u c e d  
T A G  e le v a tio n .
T h e  re s p o n s e  o f  th e  a c t iv e  g ro u p  to  th e  lo w  fa t  m ea l a lso  w a rra n ts  c o m m e n t. In  this  
g ro u p , th e re  w a s  v ir tu a lly  an  a b sen ce  o f  p o s tp ra n d ia l re sp o n se  in  p la sm a  an d  T R L -T A G  
p ro fi le s . A  2 0  g  fa t  lo a d  re p re se n te d  an  a v e ra g e  m eal, and i f  s im ila r  s iz e d  m e a ls  a re  
ta k e n  a t  re g u la r  in te rv a ls , e x e rc ise  su b jects  c o u ld  a v o id  a  p o s tp ra n d ia l T A G  r is e  fo r
112
m o s t o f  th e  d ay . T h ere  ap p ears  to  be a g ra d ed  re sp o n se  to  fa t  in g e s tio n  w h ic h  is 
m o d ifie d  b y  e x erc ise .
A n  im p o rta n t re g u la to ry  step  in  th e  m eta b o lism  o f  C M  is  the o b lig a to ry  h y d ro ly s is  
o f  T A G  b y  th e  e n zym e  L P L . D iffe re n c e s  in  ra te s  o f  lip o lys is  c o u ld  a c c o u n t f o r  th e  
re d u c tio n  in  th e  p o stp ra n d ia l re sp o n se  o b se rv e d  in  th e  a c tiv e  su b jects . In  th e  p re s e n t  
s tu d y , th e re  a p p e a red  to  be a  s te p -w ise  in c re m e n t in  th e  p o st-h e p a rin  L P L  a c tiv ity ,  
e x c e p t fo llo w in g  th e  high  fa t  m ea l in  th e  in a c tiv e  g ro u p . T he L P L  a c tiv ity  w a s  
s ig n ifica n tly  h ig h er b y  5 0 %  in  th e  a c tiv e  g ro u p  fo llo w in g  the  h igh  fa t  m ea l. T h e  
s ig n ifica n tly  h ig h er L P L  a c tiv ity  o b s e rv e d  in  th e  a c tiv e  g ro u p  is c o n s is te n t w ith  stu d ies  
e v a lu a tin g  th e  e ffe c ts  o f  p ro lo n g e d  e x e rc ise  o n  lip o p ro te in  m eta b o lism  an d  L P L  
a c tiv ity . B o th  a c u te  an d  c h ro n ic  e x e rc ise  has b een  sh o w n  to  in c re a se  L P L  a c tiv ity  
(H a sk e ll, 1 9 8 6 ) .  M a n k o w itz  e t  a l. ( 1 9 9 2 )  sh o w e d  a  2 1 %  d e c rea se  in  L P L  a c tiv ity  in  
ru n n e rs  w h o  h ad  d e -tra in e d  f o r  tw o  w e e k s . S a d y  e t  al. ( 1 9 8 6 )  s h o w e d  th a t L P L  
a c tiv ity  an d  e x o g e n o u s  fa t  c le a ra n c e  w a s  in c re a sed  in  en d u ran ce  ru n n e rs . O th e rs  h a v e  
sh o w n  s im ila r e ffe c ts  on L P L  a c tiv ity  a fte r  b o u ts  o f  v ig o ro u s  e x e rc ise  (C u llin a n e  e t  a l., 
1 9 8 2 ;  K a n to r  e t  a l.,  1 9 8 7 ) .
E x e rc ise  in d u ced  ch anges in  L P L  a c tiv ity  m ay  p ro v id e  the  c a u sa l lin k  b e tw e e n  th e  
p o s tp ra n d ia l re sp o n se  an d  p h y s ic a l a c tiv ity . L P L  is k e y  en zym e  in  th e  c o n tro l o f  
lip o p ro te in  m eta b o lism  an d  d u rin g  e x e rc ise , its a c tiv ity  is re g u la te d  in  a  tis su e -sp e c ific  
m an n er. E x e rc ise  in creases  m u sc le  L P L  a c tiv ity  an d  th is fa c ilita tes  N E F A  d e liv e ry  to  
th e  t is su e  to  m e e t e n e rg y  re q u irem en ts  im p o sed  b y  th e  dem ands o f  e x e rc ise . E x e rc ise  
a lso  d e c re a se s  L P L  a c tiv ity  in  a d ip o se  tissu e , and  re d u c es  the fo rm a tio n  o f  s to ra g e  
T A G , b y  re d u c in g  the  u p tak e  o f  N E F A  in th ese  tissues. O ne h o rm o n a l m e d ia to r  th a t  
m a y  re g u la te  a d ip o se  tissu e  L P L  a c tiv ity  d u rin g  e x e rc ise  is insu lin . T h e re  is  d a ta  
su g g e s tin g  th a t L P L  a c tiv ity  is  re la te d  to  in su lin  ac tio n  (E ck e l, 1 9 8 9 ) .  E x e rc ise  
re d u c e s  th e  c irc u la tin g  in su lin  t itre , w h ich  in  tu rn  d ecrea ses  a d ip o se  tis su e  L P L . 
In su lin  c o u ld  a lso  h a v e  an  in d ire c t r o le  in  th e  e le v a tio n  o f  m u sc le  L P L  a c tiv ity . K ie n s  
e t  a l. ( 1 9 8 9 )  re p o rte d  th a t in  c o n tra s t  to  a d ip o se  tissu e , p h y s io lo g ic a l c o n c e n tra t io n s  o f  
in su lin  in fu se d  d u rin g  e x e rc ise  c a u se d  a re d u c tio n  in m u sc le  L P L  a c tiv ity . T h u s , th e  
re d u c tio n  o f  in su lin  d u rin g  e x e rc is e  c o u ld  h a v e  a  p e rm iss iv e  e f fe c t  o n  L P L  a c tiv ity  in  
m u sc le . R o d n ic k  e t  al. ( 1 9 8 7 )  s h o w e d  th a t insu lin  sen sitiv ity  on  th e  w h o le -b o d y  le v e l  
is  in c re a s e d  in  e n d u ra n ce  tra in in g , b u t th e  re la tio n sh ip  b e tw een  in su lin  se n s itiv ity  an d
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m u sc le  L P L  m a y  n o t n e ce ssa rily  be c a u sa l an d  m a y  re la te  m o re  to  th e  d e g re e  o f  
c a p illa r is a tio n  o f  th e  m u sc les  as in su lin  sen s itiv ity  has a lso  b een  fo u n d  to  c o r re la te  w ith  
c a p illa r isa tio n  (L illio ja  e t  al. 1 9 8 7 ) .  In th e  p re se n t s tu d y , a lth o u g h  th e  d a ta  is  n o t  
g iv e n , in su lin  le v e ls  w e re  n o t  s ig n ifica n tly  d iffe re n t b e tw e e n  th e  g ro u p s  fo l lo w in g  an y  
o f  th e  m e a ls  an d  th e re  ap p e a red  to  be a  s te p -w ise  in crem en t in g lu c o se -d e p e n d e n t  
in su lin o tro p h ic  p o ly p e p tid e  (G IP ), w ith  in c rea s in g  fa t  lo a d s , su g g estin g  a  p o ss ib le  
re la tio n s h ip  to  L P L  a c tiv ity  .
T h e  re s u lt  o f  th e  lip o ly tic  ac tio n  o f  L P L  on  T R L -T A G , is the  p ro d u c tio n  o f  N E F A . 
In th e  p re s e n t s tu d y , th e  p o s tp ra n d ia l re sp o n se  p a tte rn s  f o r  p la sm a  N E F A  a p p e a re d  to  
b e  d e p e n d e n t m o re  o n  th e  fa t  lo a d  o f  th e  m e a l than  o n  th e  a c tiv ity  sta tu s o f  th e  s tu d y  
su b je c ts . F o llo w in g  th e  lo w  an d  m ed iu m  fa t  m ea ls , in b o th  th e  a c t iv e  an d  in a c tiv e  
g ro u p s , th e re  w a s  an  e a r ly  sharp  fa l l  in  N E F A  le v e ls , w h ic h  re m a in ed  lo w  f o r  a b o u t f iv e  
h o u rs  a f te r  th e  m ea l. F o llo w in g  th e  h igh fa t  m ea l, th e  N E F A  tro u g h  is s h a llo w e r  a n d  
le v e ls  b e g a n  to  r ise  as e a r ly  as an h o u r a f te r  th e  m ea l, in  the  in a c tiv e  g ro u p . T w o  
s e p a ra te  m ech an ism s h a v e  b een  p ro p o s e d , w h ic h  in d ica te  d e le te r io u s  e ffe c ts  o f  N E F A  
a c c u m u la tio n  o n  p o s tp ra n d ia l lip aem ia . K a rp e  e t  a l. ( 1 9 9 2 )  p ro p o s e d  th a t p o s tp ra n d ia l  
a c c u m u la tio n  o f  N E F A  im p ed es L P L  h y d ro ly s is  and  d isso c ia tes  th e  e n z y m e  o n to  th e  
l ip o p ro te in  p a rtic le  w h e re  i t  co n tin u es  to  h y d ro ly se  T A G  in  c irc u la tio n . T h is  c o u ld  
re d u c e  th e  ra te  o f  h y d ro ly s is  an d  c a u se  ac cu m u la tio n  o f  C M  p ro d u c e d  a t la te r  tim e  
p o in ts . R e c e n t s tu d ies  h a v e  sh o w n  th a t a  s ig n ifican t p ro p o rtio n  o f  N E F A  re le a s e d  
fo l lo w in g  T R L -T A G  h y d ro ly s is  is n o t ta k en  up b y  th e  tissu e , b u t re -e n te rs  th e  
c irc u la tio n  an d  th ro u g h  a c c e le ra te d  u p ta k e  b y  th e  liv e r , s tim u la tes  syn th esis  an d  re le a s e  
o f  ap o  B - 1 0 0  c o n ta in in g  lip o p ro te in s  (F ra y n  e t  a l., 1 9 9 4 ;  S n id e rm a n  &  C ia n flo n e , 1 9 9 3 ) .
I t  is  n o t  c le a r  w h e th e r an in cre a se  in  th e  am o u n t o f  fa t  in a  m ea l re s u lts  in  an  
in c re a se  in  s ize  o r  in  th e  n u m b er o f  C M  p ro d u c e d . T h e  in v e s tig a tio n  o f  th is a s p e c t  o f  
p o s tp ra n d ia l m eta b o lism  has b een  h a m p ered  b y  the  in ab ility  to  q u a n tify  C M . P o a p s t  e t  
a l. ( 1 9 8 7 )  a d d re sse d  th e  issu e  o f  s ize  an d  n u m b ers o f  V L D L  p a rtic le s  b y  m e a su rin g  a p o  
B - 1 0 0  a n d  su g g es te d  th a t 7 5 %  o f  a n y  in c re a se  in  e n d o g en o u s  T A G  p ro d u c tio n  w a s  d u e  
to  an  in c re a s e  in  th e  p ro d u c tio n  o f  p a r tic le s , an d  o n ly  2 9 %  w a s  d u e  to  an in c re a se  in  th e  
a m o u n t o f  T A G  c a rrie d  p e r  p a rtic le . T h e  C M  re sp o n se  to  a fa t  lo a d  m a y  n o t  b e  s im ila r  
to  th a t  o f  V L D L . T h e  e n te ro c y te  re q u ire s  to  b e  m u ch  m o re  a d a p tiv e  an d  re s p o n s iv e  to  
v a ry in g  fa t  lo a d s  to  a c c o m m o d a te  b u rsts o f  a c tiv ity  d u rin g  m ea l tim e. T h e  s ize  o f  th e
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s tru c tu ra l a p o lip o p ro te in  B  o f  the  C M  m a y  h a v e  been  ad a p ted  to  be 4 8 %  o f  th a t fo u n d  
in  V L D L  to  en ab le  a  g re a te r  d e g re e  o f  en la rg em en t o f  th ese  p a rtic le s . In th e  p re se n t  
stu d y , th e  a c tiv e  g ro u p  ap p ear to  p ro d u c e  la rg e r  C M  w ith  in c re a sed  lip id  c a rry in g  
c a p a c ity , as e v id e n c e d  b y  the c o n sta n t T R L -a p o  B -4 8  A U C  b u t s te p -w ise  in c re a se  in 
T R L -R P  an d  T R L -T A G  w ith  in creasin g  fa t  lo a d s . In th e  in a c tiv e  g ro u p , a  
c o m m e n su ra te  r is e  in  T R L -a p o  B - 4 8  is  o b se rv e d  w ith  in creasin g  fa t  lo a d s , su g g estin g  
in c re a se d  n u m b ers  o f  C M  w ith  a  re la t iv e ly  co n sta n t lip id  c a rry in g  c a p a c ity  (F ig u re  3 .8 ) .
A lth o u g h  b oth  R P  and ap o  B - 4 8  p e a k  an d  p a rtic u la rly , th e  A U C  re sp o n se s  w e re  
lo w e r  in th e  a c tiv e  c o m p a red  to  the  in a c tive  g ro u p  w ith  an y  c o rre sp o n d in g  m ea l, th e  
e x te n t to  w h ic h  th is o cc u rred  fo r  th e  tw o  C M  m a rk ers  w a s  n o t s im ila r an d  su g g ests  th a t  
th e re  m a y  b e  v a r ia b le  u p tak e  o f  R P  p e r  C M . In an  a ttem p t to  d e fin e  th e  s ize  o f  th e  C M ,  
th e  T R L -T A G / a p o  B - 4 8  and th e  T R L -R P /apo  B - 4 8  A U C  ra tio s  w e re  c a lc u la te d  (T ab le  
3 .5 ) .  R P  is re p re se n ta tiv e  o f  th e  C E  c o n te n t o f  th e  C M  and  is b e liev e d  to  be in te g ra l to  
C M  an d  C M -R  p a rtic le s , un til c le a re d  b y  the  h epatic  rem n a n t re c e p to r . T h e  find ings  
s u p p o rt th e  h y p o th es is  th a t C M  fro m  a c tiv e  su b jects  ap p ear to  be la rg e r  in s ize . T h e  
T A G  to  ap o  B - 4 8  ra tio  in  the  a c tiv e  su b jects sh o w e d  a  p ro g re s s iv e  in c re m e n t d ep en d in g  
o n  th e  fa t  lo a d , w h e re a s  th e  in a c tive  g ro u p  ap p eared  to  h a v e  a  c o n s ta n t ra tio . A ls o ,  th e  
R P  to  a p o  B - 4 8  ra t io  in  the  a c tiv e  g ro u p  sh o w ed  a  3 .4  fo ld  in cre a se  b e tw e e n  th e  lo w  
an d  h igh  fa t  m ea ls , c o m p a re d  to  the  in a c tive  g ro u p  w h e re  th e re  w a s  a  1 .6  fo ld  in cre a se  
in  th e  ra t io . T h e  m ech an ism  o f  in testin a l re sp o n se  to  a  fa t  lo a d  m a y  be d iffe re n t b e tw e e n  
th e  a c tiv e  an d  in a c tiv e  g ro u p s. In th e  fo rm e r, th e  ch a llen g e  o f  in c reas in g  fa t  lo a d s  in  a  
m ea l is d e a lt  w ith  b y  th e  p ro d u ctio n  o f  la rg e r  C M , w h e re a s  in  th e  la tte r  g ro u p , the  
re s p o n s e  ap p ears  to  be  m o re  o f  an in crease  in  C M  p a rtic le s , w ith  c o n s ta n t an d  lim ited  
lip id  c a rry in g  ca p a c ity . K a rp e  e t  al. ( 1 9 9 3 a ) ,  h a v e  su g g ested  th a t la rg e r  C M  a re  b e tte r  
su b stra te s  f o r  L P L . T he a c tiv e  g ro u p  a p p e a r to  h a v e  e ffic ie n t C M  syn th esis, 
in c o rp o ra tin g  m o re  T A G  p e r  C M  thus p ro d u c in g  la rg e r  C M  w h ic h  a re  h y d ro ly se d  m o re  
ra p id ly .
T h e re  w e re  assu m p tio n s m ad e in  a rr iv in g  a t th ese  co n c lu sio n s and  th e se  find ings  
h a v e  to  b e  su b stan tia ted  in  fu tu re  stud ies. F irs tly , a ll th e  R P  c a lc u la te d  ra tio s  w e re  n o t  
s ta tis tic a lly  s ig n ifican t an d  o n ly  su g g est tren d s. S e c o n d ly , in  th e  p re se n t s tu d y , th e  
m e th o d  o f  ap o  B - 4 8  q u an tita tio n  w a s  b y  d e n s ity  scann ing  o f  an im m u n o -b lo tted  a p o  
B - 4 8  b an d , and  th e  re su lts  o b ta in ed  a re  a t b est, sem i-q u a n tita tive . In th e  in te rp re ta tio n
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o f the T R L  T A G : apo B -48 ratio, it must be remembered that the T R L  fraction 
contained T A G  arising also from the more buoyant C M -R  and V L D L  particles, in 
addition to that from  C M .
The plasma T A G , T R L -A p o  B -48 and T R L -T A G  follow identical time-course 
patterns, particularly in the first 2 hr, suggesting that the early lipaemia caused by fat 
ingestion is caused mainly by an increase in T A G  derived from the hydrolysis of C M , 
rather than V L D L .  This also suggests that the T A G  clearance in T R L  as well as in 
plasma is dependent on the clearance of apo B -48 from circulation. After ingestion o f a 
fat rich meal, there has been shown to be postprandial increase in both apo B -48  and apo 
B -100  containing lipoproteins. Schneeman et al. (1993) showed the concentration of 
apo B -48  was significantly higher 3 hr after a meal, whereas apo B -100  was significantly 
higher after 3-6 hr. T A G  in both C M  and V L D L  compete for LPL-m ediated hydrolysis 
in a common initial catabolic pathway. A s L P L  activity and the rate of C M  metabolism 
has been shown to increase in exercise subjects, it follows that V L D L -T A G  hydrolysis is 
also increased in exercisers, resulting in the overall lowering effect of exercise on 
postprandial plasma T A G  levels.
The three markers of C M  particles, T R L -T A G , T R L -R P  and T R L-apo  B -48  do not 
show the same pattern in response to the three meals. The T R L -R P  peak occurred 2-4 
hr later than the apo B -48 and T A G  after all three meals, and this was shown to be 
significantly different by repeated measures analysis o f variance. R P  was not detected 
until 2 hr after the meal, whereas both T R L -T A G  and TRL-apo  B -48  begin to rise 30 
m in after the meal. This is in accordance with Krasinski et al. (1990b) who showed that 
follow ing a fat-rich meal, retinyl ester concentrations peaked at 6 hr whereas T A G  and 
apo B -48  peaked at 3 hr, in the T R L  fraction. The occurrence of delayed R P  peaks is a 
consistent phenomenon and appears to be independent of exercise status.
It has been suggested that the delayed R P  peak occurred because initial postprandial 
C M  are T A G  rich and relatively depleted of CE, and hence RP. K rasinski et al. (1990b), 
suggested that follow ing a meal, delivery of metabolic fuel, in terms of energy yield o f a 
nutrient, takes precedence, and the initial C M  formed during a meal may be relatively 
T A G  enriched. R P  which represents the C E  content of C M  may be incorporated only in 
the C M  produced in the later part of the meal. A lso, the form of R P  used in this study is
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an oil-based preparation, and a relative delay in gut absorption and re-esterification may 
contribute to the delayed peak.
3.7. C O N C L U S IO N
To date, this is the first study to document the effects of exercise on C M  particle 
number, as measured by apo B-48 levels. The results support the conclusion that for any 
given fat load, the magnitude of the postprandial lipaemic response tends to be lower in 
active than in sedentary men. Subjects were studied at least 36 hr after the last bout of 
exercise in an attempt to avoid the acute effects of exercise on lipoprotein metabolism, 
and the results indicate that the favourable effects of exercise prevail for at least a day 
after the last bout o f exercise. The study underscores the importance of exercise and a 
prudent diet in the possible preventive management of the atherosclerotic process.
Although the extent of the lipaemic response is dependent on the lipid and 
lipoprotein particle metabolism in the T R L  fraction, it would have been useful to 
analyse the infranatant fraction. The infranatant fraction of plasma was not analysed 
as apo B -48 determination by S D S -P A G E  is not optimised for this fraction. A s such, 
the effects of exercise on C M -R  metabolism was not studied.
A  limitation of the present study was that H D L  and its subfractions were not 
measured in the fasted or postprandial state. Th is was an oversight during the planning 
of the present study and although the usefulness of H D L  measurements were realised 
soon after the conduct of the study, there were limitations in terms of amount of 
sample available. H D L -C  would have enabled further speculation on the H D L/T A G  
inter-relationships, and allowed comparison with the findings of other published 
reports.
The analytical procedures conducted in this study warrant comment. In  the 
preparation of the T R L  fraction, lipoprotein particles of exogenous and endogenous 
origin cannot be separated because of overlapping physical properties. T A G  present in 
this fraction was therefore not entirely of C M  origin. The apo B -48 determination 
distinguished the C M / C M -R  from  endogenous lipoproteins. A t the time when the 
samples were analysed, the only available method was that of quantitation follow ing
117
electrophoretic separation and density scanning of the apo B -48 band. The large 
analytical variation should be borne in mind when interpreting the data. The current 
available methodology is an E L IS A  methodology, with greatly improved precision and 
has been used in all subsequent studies.
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CHAPTER 4
APO LIPO PRO TEIN  B-48 AND R E T IN Y L 
P A LM IT A T E  RESPONSES AS M ARKERS 
OF IN T E S T IN A LLY  D ER IVED  
LIPO PRO TEINS IN  N O N -IN SU LIN  
DEPENDENT DIABETES M E LLITU S
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4.1. I N T R O D U C T I O N
Atherosclerosis is the most frequent complication of diabetes (Steiner, 1985). 
Subjects with non-insulin dependent diabetes mellitus (N ID D M ) are at an increased 
risk  of developing all manifestations of atherosclerotic vascular disease. The most 
important of these, coronary heart disease (CH D ), accounts for 7 5 %  o f the mortality 
and morbidity in N ID D M . In  1974, Albrink pointed out that “hypertriglyceridemia is 
the hyperlipidemia par excellence of the diabetic”. The most common lipid abnormality 
in N ID D M  is the presence of elevated plasma triacylglycerol (T A G ) levels. Sim pson et 
al. (1979), have estimated that approximately 25-30%  of untreated patients with 
N ID D M  have elevated T A G  levels. Barrett-Connor et al. (1982) showed that in a 
fiee-living population, the mean fasting T A G  level in diabetic men was about 2-fold 
higher than age-matched men in the same community, without diabetes. A  similar 
comparison in women showed a 1.2 to 1.5-fold increase in T A G  in the female diabetic 
population. The prevalence of elevated T A G  levels was similar in both lean and obese 
diabetics. In  general, the typical elevation of T A G  in diabetes is only modest and 
fasting T A G  levels in the region of 5 mmol/L are usually due to another cause of 
hypertriacylglycerolaemia (Brunzell et al., 1975). In  contrast, Barrett-Connor et al. 
(1982) found no difference in plasma cholesterol levels between the diabetic and non­
diabetic populations. Thus it is clear that plasma cholesterol measured in the fasted 
state is a poor predictor o f the risk  of C H D  in diabetes.
Elevated plasma T A G  has been shown to be an independent risk factor for the 
development of atherosclerosis (Garcia et al., 1974). The findings of the 11-year Paris 
Prospective Study indicate that higher T A G  levels among diabetic subjects increase 
their risk  of developing C H D  (Fontbonne et al., 1989). The T A G  response after a 
defined lipid load has been the hallmark of identifying an exaggerated postprandial 
response. In  a landmark paper by Patsch et al. (1992), subjects with angiographically 
defined coronary artery disease (C A D ) displayed highly discrim inatory T A G  levels 6 to 
8 hours after the meal, when compared to matched controls without C A D . This paper 
demonstrated that the mechanism for the association of an elevated postprandial T A G  
value with C A D  was due to the fact that T A G  metabolism critically determines
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metabolic routing of cholesterol. Low  levels of high density lipoprotein-cholesterol 
(H D L -C ) often accompanies elevated plasma T A G  levels and findings from  the 
Fram ingham  Heart Study showed that low  H D L -C  is a risk factor for C H D  (Castelli et 
al., 1986).
Patsch et al. (1992), suggested that the concept of this negative association 
between H D L -C  and C H D  actually originates from the positive relationship between 
postprandial T A G  and C H D . Patsch (1994) discusses two views of the physiological 
role of H D L . The ‘causalist’ view assigns H D L  a causally protective role, in that high 
H D L -C  levels signify a high rate at which the anti-atherosclerotic reverse-cholesterol 
transport mechanism operates. In  the ‘non-causalist’ view, H D L  does not directly 
influence the development of atheroma, but H D L -C  levels reflect the metabolism of 
TA G -rich  lipoproteins (TRL), and their conversion to atherogenic remnants. Rapid 
lipolysis o f T R L  produces increased lipid uptake and the formation o f H D L 2, which 
may be protective for the arterial wall. Delayed lipolysis of T R L  increases the 
reciprocal transfer of T A G  from T R L  to H D L , and of cholesterol ester (C E ) from 
H D L  into T R L . Large H D L  are converted to smaller particles with decreased 
cholesterol carrying capacity.
Postprandial lipid and lipoprotein profiles are important as usual eating habits 
ensure that much of the day is spent in the postprandial state. The postprandial phase 
is a period during which circulating T A G  within chylomicron (C M ) and very low  
density lipoprotein (V L D L )  are most abundant. It is also the phase during which 
remnant particles are rapidly generated in capillary beds within the circulation. 
Efficient metabolism of these particles is critical; conditions which cause inefficient 
metabolism result in an accumulation of remnant particles, which then can interact in 
greater numbers and for longer periods with the arterial intima. In  addition, prolonged 
residence time of remnant particles in the circulation results in their enrichment with 
cholesterol ester (Mahley &  Angelin, 1984). This is important since remnant particles 
have been directly implicated in the development of atherosclerosis (Havel, 1982).
The relative importance of nascent C M  and V L D L  particles in the generation of 
remnants has been a difficult issue to resolve. Until recently, it has been considered 
that particles containing apolipoprotein (apo) B-100 are produced by the liver, while 
those containing apo B -48 are of intestinal origin. There is now evidence that the
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human intestine also produces some apo B-100 containing particles (Hoeg et al., 
1990), although this represents only 3 -5 %  of total intestinal apo B. In  addition, Cohn 
et al. (1989), have shown that there is an increase in the apo B -100 mass, in the d <  
1.006 g/ml lipoprotein fraction, in the postprandial state.
New ly synthesised intestinal C M  are secreted into the lymphatics and reach the 
systemic circulation via the thoracic duct. Various rapidly occurring modifications 
take place to the newly secreted C M , and soon after they reach the vascular 
compartment, there w ill have been exchange of apoproteins and hydrolysis o f T A G  by 
the enzyme lipoprotein lipase (LPL), which appears to have an increased affinity for 
the relatively larger C M  particles. A s a result, a heterogeneous population of C M  and 
C M -R  are generated. These particles are within the same size and density range as 
V L D L  and V L D L  remnants. Attempts to separate these particles by sequential 
flotation and size exclusion chromatography are inefficient because o f their similar 
physical properties. The only physiologically distinctive difference between the C M  
and V L D L  progeny is the nature of the apo B  protein carried on these particles. The 
apo B  is integral to these particles and does not participate in exchange processes nor 
does it appear to be modified to any extent. In  addition, there appears to be 
stoichiometrically one apo B  molecule per particle. For these reasons, apo B  
determination is ideal for the characterisation of the postprandial T R L  response.
There is 100%  hom ology in amino acid sequence between apo B -48  and the N - 
terminal of apo B-100. Until recently, determination of apo B -48 was possible only 
by electrophoretic methods under denaturing conditions. Electrophoretic methods are 
tedious and time consuming, require skill, are expensive and yield bands which have to 
be stained and then quantitated by determination of the intensity of stain. This 
methodology is not robust and results are, at best, semi-quantitative. In  addition, 
results are usually represented as a percentage change from a baseline or control 
reading. Precise knowledge of the factors regulating the clearance of C M -R  in man is 
unavailable because direct measurement has not been possible.
Attempts to overcome this limitation has resulted in the common practice of 
labelling C M  with vitamin A, with the assumption that the retinyl ester (RE ) moiety 
behaves as C E  and is resident in the C M  throughout its circulatory lifespan. The basis 
for the use of retinyl esters has already been discussed in Chapter 1. The application of
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the vitamin A  loading technique for the investigation of postprandial lipoprotein 
metabolism in humans is based on the belief that when absorbed, R E  is incorporated 
into the core of the C M  and remains so until the C M -R  is taken up by the liver, where 
it enters a storage pool and is not re-secreted in V L D L . Although R E  determination, 
usually by H P LC , is robust, the problem with this method, as highlighted by Krasinski 
et al., (1990b) is that R E  does not reflect C M  metabolism as well as was once thought, 
as significant exchange of R E  between C M  and other lipoprotein species does occur 
and there is re-secretion of R E  in V L D L .
The development of the monospecific apo B-48 antibody to the carboxy-terminus 
o f the protein, allows distinct immunochemical identification of the C M  and V L D L  
family of particles. In  addition, with the enzyme linked immunosorbant assay (E L IS A )  
methodology, a rapid, fully quantitative determination of apo B-48, under non­
denaturing conditions is now possible.
M o st studies o f lipid and lipoprotein markers in diabetes have focused on 
postabsorptive/fasting levels of these markers. The postprandial state appears to be 
particularly relevant in diabetes as compositional differences in lipoproteins and various 
enzymatic and particle interactions appear to be influenced by insulin. Hyper- 
insulinaemia and insulin resistance have been shown to be associated with elevated 
serum T A G  and low  H D L -C  concentrations (Laakso et al., 1987), and the results of 
the Paris Prospective Study have consistently linked insulin resistance and hyper- 
insulinaem ia with a higher risk of C H D  mortality (Casassus et al., 1992).
Insulin fulfils a multi-functional role in the regulation of postprandial lipoprotein 
metabolism. The release of non-esterified fatty acid (N E F A ) from adipose tissue is 
suppressed by insulin, both through inhibition of the intracellular hormone-sensitive 
lipase and through an increase in the re-esterification of fatty acids within adipose 
tissue (Coppack et al., 1992). A s Kissebah et al. (1974) have shown, the rate of 
supply of fatty acids to the liver is one factor controlling the rate o f V L D L -T A G  
secretion, and failure to suppress N E F A  release in the postprandial period may have 
consequences for the regulation of hepatic V L D L -T A G  secretion in this period. In  
addition, Durrington et al. (1982) have shown that insulin directly inhibits the hepatic 
secretion o f V L D L -T A G  in cultured rat hepatocytes. These orchestrated actions
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might be seen as part of the co-ordinated regulation of postprandial metabolism by 
insulin.
Brunzell et al. (1973) have long suggested that C M  compete with V L D L  particles 
for lipolysis by LP L , the so-called ‘common removal pathway’. Recent direct 
observations of the extraction of T A G  from the two types of particles during passage 
through adipose tissue in vivo are consistent with this concept (Potts et al., 1991). 
This competition is one reason for the observed rise in the V L D L -T A G  concentration 
in the postprandial period (Cohn et al., 1988b). Howard et al. (1987), have found that 
in insulin-resistant hyperinsulinaemic states, there is usually an increase in V L D L -T A G  
secretion. The failure to suppress the release of N E F A  from adipose tissue in the 
postprandial period in insulin resistance probably underlies or reinforces this effect. 
Postprandial suppression of V L D L -T A G  secretion by insulin has not yet been shown 
directly in man and it is not certain what the temporal pattern of disruption may be in 
states of insulin resistance.
L P L  plays a central role in the clearance of T A G  from circulation. M any studies 
relate hypertriglyceridaemia and low  H D L -C  concentrations with delayed removal of 
chylom icron remnant particles after a fat load, although associated L P L  deficiency has 
not been demonstrated with consistency (M iesenbock and Patsch, 1992). There is 
controversy about the physiological meaning of measured L P L  activity. The enzyme 
activity measured in tissue biopsies does not necessarily reflect that in the capillary 
lumen. Similarly, heparin-releasable plasma L P L  activity probably does not reflect 
tissue activity and since serial time-course measurements of tissue L P L  activity cannot 
be made, study of its physiological regulation is difficult. Despite these limitations, 
there is agreement that L P L  activity in adipose tissue loses its responsiveness to insulin 
in states of insulin resistance (Eckel, 1987). Sim solo et al. (1992) showed that the 
increase in adipose tissue L P L  activity observed with improved glycaemic control in 
diabetic subjects does not reflect a change in messenger R N A  level, but rather a change 
in either intracellular processing or intracellular degradation.
Impaired postprandial activation of L P L  appears to have other secondary 
consequences in addition to the prolonged postprandial elevation of T A G  
concentrations. Prolonged residence of TAG -rich  particles in the circulation leads to
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increased exchange of their T A G  for C E  in H D L  through the action of C ET P , as 
discussed by M iesenbock and Patsch (1992).
Recent observations by Austin et al. (1990), demonstrate that insulin resistance is 
associated with the occurrence of a low  density lipoprotein (L D L ) particle with a size 
distribution skewed towards the small dense end of the spectrum - the so-called ‘type 
B  phenotype’. This L D L  pattern is commonly associated with hyper- 
triacylglycerolaemia, and it is tempting to suggest that elevated T A G  concentrations 
provide the link with insulin resistance. Fisher et al. (1993) have found that the 
elevation in T A G  concentrations in insulin resistance reflects mainly an increased 
number o f the larger, more TAG -rich  V L D L  particles (V L D L -1 , S f  60-400). A s 
elegantly argued by Shepherd and Packard (1987), these particles are distinguished 
metabolically from smaller V L D L  particles in that a proportion of them are taken up by 
hepatic receptors directly from circulation, rather than progressing down the lipolytic 
cascade to form  L D L . A  high concentration o f smaller V L D L  particles in the 
postprandial circulation appears to facilitate cholesteryl ester transfer protein (C ET P ) 
mediated neutral lipid exchange. Exchange between H D L  and L D L  would result in the 
generation o f L D L  particles which are C E  depleted and T A G  enriched. Subsequent 
hydrolysis of T A G  w ill result in the formation of small-dense L D L  particles. The 
pattern o f small dense L D L , m ild hypertriglyceridaemia and low  H D L 2 is the 
characteristic lipoprotein abnormality in diabetes and there is increasing evidence that 
this diabetic lipoprotein phenotype is highly atherogenic.
The role of insulin in the synthesis, assembly and secretion of C M  is unexplored. 
Chylomicronaemia is seen in poorly controlled diabetes mellitus. Studies in diabetic 
animals have shown aberrations in C M  synthesis (Young et al., 1988) as well as 
decreased clearance of C M -R  (Levy et al., 1985). Although it is possible that similar 
abnormalities occur in man, C M  component assembly and secretion is unexplored, and 
it is not known whether intestinal T A G  and cholesterol absorption and/or synthesis is 
increased in human diabetes.
The present study involved a detailed examination of the postprandial C M / C M -R  
response to a defined test meal in N ID D M  subjects and a group of matched controls. 
Th is is presented in this chapter (Chapter 4). The diabetic subjects were then put on an
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established lipid lowering fibrate drug, and the postprandial responses before and after 
fibrate treatment is presented in the next chapter (Chapter 5).
The aims of the present study are:
- to evaluate in a group of N ID D M  subjects, the fasting and postprandial lipid and 
lipoprotein profiles of plasma, T R L  and infranatant fractions follow ing a defined test 
meal, in order to explore the hypothesis that there is an impaired postprandial 
metabolic handling of T R L  in diabetes,
- specifically to monitor fasting and postprandial C M  and C M -R  metabolism utilising a 
novel monospecific apo B -48  antibody, and to use these results to assess the validity of 
retinyl palmitate (RP) as a label of C M  and C M -R  and
- to investigate the disturbances in both the glucoregulatory and antilipolytic actions of 
insulin by measuring the post-heparin lipoprotein lipase activity, N E F A  and glucose 
postprandially.
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4.2. S T U D Y  DESIGN
4.2.1. Study Subjects
A  total of six control subjects and nine subjects with non-insulin dependent diabetes 
mellitus (N ID D M ) were recruited into the study. A ll subjects were male. The 
participating diabetic subjects were recruited from the Royal Surrey County Hospital 
Diabetic C lin ic and from local G P practices. A ll diabetic subjects fulfilled W orld  Heath 
Organisation criteria for the diagnosis of diabetes mellitus. Those suffering from major 
renal, liver, endocrine or other diseases were not recruited. Anthropometric 
measurements included calculation of percentage body fat from skinfold thickness 
measurements (Dum in &  Rahaman, 1967). The average age of the diabetic subjects 
was 54.4 ±  5.8 years (mean ±  SD ), ranging from 46 to 64 years. The average age of 
the control group was 53.8 ±  4.5 years (mean ±  SD ), ranging from 47 to 60 years of 
age. The average B M I (Garrow, 1983) for the diabetic subjects was 26.2 ±  2.5 kg/m2 
(mean ±  S D ) and 26.4 ±  2.5 kg/m2 (mean ±  SD ) for the control group.
None of the study subjects gave a history of ethanol consumption exceeding 30 
units per week. Four out of the nine diabetics subjects were controlled on diet alone; 
of the remainder, three subjects were on sulphonylurea treatment and two were on 
insulin treatment in addition to diet. Five out of the nine diabetic subjects were also on 
medication for angina and/or hypertension. None of the subjects was on lipid 
lowering drugs, metformin or sex steroids. (Patients on metformin were excluded from 
the study as biguanides alter appetite and weight). The study protocol conformed to 
the ethical guidelines of the Declaration of Helsinki, the Royal College of Physicians 
and the Department of Health. The study protocol was approved by the Ethical 
Committees o f the University of Surrey and the South W est Surrey D istrict Health 
Authority. A ll participants gave written consent to take part in the study.
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4.2.2. Design of Study
Follow ing recruitment, there was a two week run-in period before the actual study 
day. During this time, a three day food diary was compiled in order to determine the 
habitual daily fat intake of the subjects. A ll subjects were instructed to remain on their 
usual diet and exercise patterns for two weeks prior to the study and to refrain from 
alcoholic beverages for at least three days preceding the study. A ll subjects were 
instructed to fast for at least twelve hours on the night preceding the study day. The 
postprandial study was conducted over-night following a test meal taken in the 
evening. This protocol permitted better patient acceptability and allowed for a 
prolonged twelve hour postprandial follow-up period, which was considered 
particularly necessary in diabetic subjects.
4.2.3. Study  D ay  Procedure
A t 0800 hr on the study day, subjects were visited at home by the investigating 
team and a fasting venous sample was taken. The subjects were then given breakfast 
and a standard prepared packed lunch, plus snacks to be consumed during the day. 
Subjects were allowed to continue with normal daily activity.
A t 1800 hr on the study day, the subjects were admitted to the Investigation Unit 
at the Roya l Surrey County Hospital. Indwelling cannulae were inserted into a forearm 
vein and two pre-meal baseline samples were taken 10 minutes and just before starting 
on the test meal. (-10 and 0 time points). The test meal was then given at 1900 hours. 
The meal had an energy value of 4744 kJ (1131 kcal) and contained 140 g 
carbohydrate, 50 g of fat (17 g monounsaturated fat, 2.3 g  polyunsaturated fat, 30 g 
saturated fat and 129.3 mg of cholesterol). In  addition, 340,000 IU  (200 mg) of R P  
was added to the orange juice provided with the meal. Venous blood sampling via the 
cannula was then continued at regular intervals for 12 hr postprandially. Fifteen blood 
samples were taken throughout the study period at the follow ing time points: -10 min, 
0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,12 hours. Approximately 18 ml of blood were 
taken at each time point. After the collection of the 12 hour blood sample, 7,500 IU  of 
heparin was given as an intra-venous bolus and two further 5 m l blood samples for the
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analysis of post-heparin L P L  activity were taken after 5 and 15 min of the heparin 
injection. A  summary of the study day protocol is shown in Figure 4.1 and the 
macronutrient analysis of all the standardised meals for the study day is shown in 
Table 4.1.
Each blood sample was divided into two 10 ml heparinised blood tubes. These 
tubes were then centrifuged immediately at 2500 rpm for 15 min (7,000 g.min). The 
supernatant plasma was then aspirated using a plastic pasteur pipette and aliquoted into 
LP 3  tubes. These were then frozen at -20°C for analysis of plasma apo A -I, total apo 
B, glucose, N E F A , T A G , cholesterol, R P  and apo B-48.
For the preparation of the T R L  fraction, 3.5 g of plasma was carefully transferred 
into a 38 ml thick walled Beckman Ultracentrifuge tube and overlayered with 3.5 g 
saline solution of a density of 1.006 g/ml. The tubes were then ultracentrifuged, and 
the T R L  obtained. The T R L  preparation has been described in detail in Chapter 2 
(Section 2.2). The volume of the T R L  fraction was noted and aliquots stored in LP3  
tubes for the analysis of TRL-cholesterol, TA G , R P  and apo B-48. The volume of the 
infranatant fraction was then made up to 7 ml with 0.95%  (w/v) sodium  chloride 
solution, and two aliquots of 3.5 ml each were made up for the determination of 
infranatant cholesterol, T A G , R P  and apo B-48. A ll samples required for R P  analysis 
were protected from light by wrapping them in aluminium foil. Samples for apo B -48  
determination had 5 %  (v/v) of the preservative cocktail, as detailed in Chapter 2, 
(Section 2.3). In  addition, blood samples for the post-heparin L P L  activity assay were 
put into 5 ml heparin tubes, and the plasma obtained after centrifugation was 
transferred into LP3  tubes. A ll samples were stored frozen at -20°C  for analysis. A  
flow  chart depicting sample handling is shown in Figure 4.2.
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Fig. 4.1 N I D D M  and control study: Study day protocol
9 middle-aged, male N ID D M  subjects with 6 matched normal controls recruited 
Entered into the study for a 2 week run-in period. 3 day dietary diary completed.
0800 hrs: Fasting blood sample taken. Subjects consumed standard breakfast. 
G iven standard snack and packed lunch for the day
1300 hrs: Standard lunch consumed
1850 hrs: Admitted to the Clinical Investigation Unit, Royal Surrey County Hospital. 
2 baseline blood samples taken.
1900 hrs: Standard  test m eal provided. This comprised a 50g fat and 140 g 
carbohydrate meal. In  addition 340,000 IU  retinyl palmitate added to the meal.
B lood  samples taken at 0.5, 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 11,12 hrs
0700 hrs: 7500 IU  heparin given as bolus i/v dose and blood taken at a distant site for 
L P L  activity at 5 and 15 min.
Throughout the study, blood samples were centrifuged immediately (within 10 min) 
and the plasma separated and stored for further analysis. The T R L  fraction was 
prepared by ultracentrifugation of plasma overlayered with saline d=1.006 g/ml. This 
was done within 24 hrs of sample collection.
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Table 4.1
N E D D M  and control study: Macronutrient intake of study day standardised meals
MEALS AMOUNT ENERGY kJ (KCAL) FAT (g) PROTEIN (g) CARBOHYDRATE (g)
BREAKFAST:
Cornflakes 50 g 784 (184) 0.8 4.3 42.6Wholemeal Toast 76 g 698 (164) 2.1 6.7 31.8Low fat spread 16 g 241 (59) 6.5
Tea/coffee
SNACK: tea/coffee
2 x Digestive biscuits 34 g 674 (160) 7.0 3.3 22.4
LUNCH:
Wholemeal Bread 190 g 1744 (410) 5.1 16.7 79.4Low fat spread 32 g 482(117) 13.0
Smoked ham 58 g 574 (137) 3.5 20.5
Tomato
Yoghurt 150 g 738 (176) 4.5 7.2 28.1Apple 196 (46) 0.3 11.9Tea/coffee
SNACK: tea/coffee
2 x Digestive biscuits 34 g 674 (160) 7.0 3.3 22.4
DAY’S
ALLOWANCE:
Semi-skimmed milk 285 ml 556 (131) 4.6 9.4 14.3
NUTRIENT TOTALS 7165 (1744) 54.1 71.7 252.9
TEST MEAL:
Dolmio Lasagne 350 g 1873 (448) 22.1 24.5 41.0White bread 75 g 743 (175) 1.3 5.9 37.3Butter 16 g 487 (118) 13.1Salad
Cheese cake 90 g 1158 (276) 13.3 5.3 33.8Vinaigrette
Orange juice 300 ml 483 (114) 1.8 28.2
NUTRIENT TOTALS 4 744 (1131) 49.8 37.5 140.3
DAILY TOTALS 11909(2875) 103.9 109.2 393.2 [
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4.3. M E T H O D S  O F  ANALYSIS
The methods used for analysis of:
- plasm a T A G , cholesterol, N E F A , glucose, RP, apo B-48, apo A - I and apo B
- the T R L  fraction -TAG , cholesterol, RP, apo B -48
- infranatant fraction - T A G , cholesterol, RP, apo B-48
- post-heparin plasma L P L  activity
are described in detail in Chapter 2. Briefly:
1. The assays for T A G , cholesterol and N E F A  were carried out on an automated 
centrifugal analyser - the Cobas M ira  Plus (Roche Diagnostics) based on sequential 
enzymatic reactions, with a colorimetric end-point determination. Commercial test kits 
from  Roche were used for T A G  and cholesterol, with a W ako kit for N E F A  
determination. A ll assay listings were supplied by the manufacturer for application on 
the Cobas M ira  Plus (Roche Diagnostics).
2. A po  A - I and Apo B  were determined on the Cobas-M ira Plus centrifugal analyser. 
The method is based on an immuno-turbidimetric method.
3. The method for R P  analysis was based on the reversed-phase high-performance 
liquid chromatography (H P LC ) procedure described by De Ruyter and De Leenheer 
(1979), with a mobile phase of methanol and silver nitrate (Chapter 2, section 2.1.2).
4. A po  B -48  was quantitated by a competitive enzyme-linked immunosorbant assay 
(E L IS A )  developed from an in-house monospecific anti-apo B -48  antibody, as 
described in detail in Chapter 2 (section 2.5).
5. Glycated 'haemoglobin (H bA ic) was measured by H P LC  (Biom en H A -8121) by the 
Department of C linical Biochemistry, St. Luke’s Hospital, Guildford, U K .
6. The T R L  fraction was obtained from plasma using the ultracentrifugation technique 
as described in Chapter 2 (section 2.2). After removal of the T R L , the volume of the 
remaining infranatant fraction was standardised. Methods of analyte measurement of 
the T R L  and infranatant fractions were identical to the plasma assay methods. Volum e 
correction factors were then computed and all results were corrected for plasma 
volume.
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7. The measurement of post-heparin L P L  activity was undertaken by another 
investigator and is described in Chapter 2 (section 2.7).
In  an attempt to minimise systematic bias due to assay variability, all samples from 
one subject were assayed on the same day and within the same assay run.
4.4. S T A T IS T IC A L  A N A L Y S IS
A ll data in the tables are presented as mean values with standard deviations 
whereas the figures show mean values with standard errors of the mean to facilitate 
clarity o f presentation. Statistical analysis was carried out on the IN S T A T  
programme on an Apple Macintosh computer. The unpaired Student’s t-test was used 
to locate and assess any significant differences between the Area Under the Time 
Response Curves (A U C ) and the Incremental Area Under the Time Response Curve 
(IA U C ). Comparisons of R P  time course profile data were subjected to a repeated 
measures analysis of variance to determine significant changes with time. A ll 
parameters statistically tested were either shown to be normally distributed, or 
logarithm ically transformed and re-checked for normal distribution, prior to application 
of the t-test. The m inimum accepted level of statistical significance was p <  0.05.
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4.5. R E S U L T S
The postprandial profiles, as shown in all figures in the ‘Results’ section display 
both the fasting and postprandial lipid or lipoprotein levels. The fasting value, 
obtained on the morning of the study day, follow ing a 12 hr overnight fast, is indicated 
by ‘F ’ on the x-axis. The ‘0 ’ time point represents the mean of two evening, pre-meal, 
lipid or lipoprotein values. Subsequent time points, from 1 hr to 12 hr represents the 
postprandial values, follow ing the evening test meal, consumed at 1900 hr, with timing 
taken from  the start of the meal. The parallel lines between ‘F ’ and ‘0 ’ time points on 
the-axis indicate a disproportionate time interval between these points. The A U C  
results represent the integrated area over the 12 hr study period. The IA U C , corrects 
for differences in baseline i.e. test pre-meal values, between the N ID D M  and control 
groups.
4.5.1. Fa stin g  L ip id  A n d  L ipoprote in  Levels
Table 4.2 shows the clinical characteristics and the fasting lipid and lipoprotein 
levels o f the diabetic and control groups. Both groups were closely matched in terms 
of physical characteristics. The fasting plasma cholesterol was similar, neither group 
was hypercholesterolaemic. The fasting plasma glucose and glycated haemoglobin 
were significantly higher in the diabetic group. In  the diabetic group, the fasting 
plasma T A G  and N E F A  were 2.3-fold and 1.6-fold higher, respectively. In  addition, 
the fasting plasma apo B-48 concentration was 2.8-fold higher in the diabetic group.
4.5.2. N utrient A n a lysis O f H ab itua l D a ily  Food  In take
Table 4.3 shows the habitual daily food intake of both the groups based on a three 
day dietary diary. The results show similar mean habitual macronutrient intakes o f the 
groups. This suggests that any possible influences that chronic dietary patterns may 
have on the results obtained from the acute test meal can be eliminated. The mean 
intakes o f total fat, M U F A , PU FA , S F A  and carbohydrate are representative of the
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Table 4.2
N ID D M  and control study: C linical characteristics, mean (± SD ) fasting lipid and 
lipoprotein levels of the N ID D M  and control groups
N ID D M C O N T R O L
A ge  (yr) 54.4 ± 5 .8 53.8 ± 4 .5
B M I  (kg/m2) 26.2 ± 2 .5 26.4 ± 2 .5
%  B o d y  Fat 23.7 ±  5.4 22.9 ±  3.4
P lasm a G lucose (mmoI/L) 8.4 ± 2 .2 4.8 ±  0.5 * *
H b A iC  (% ) 8.3 ±  0.4 5.6 ± 0 .3  * *
P lasm a T A G  (mm ol/L) 2.55 ±1 .33 1.10 ± 0 . 3 6 * * *
P lasm a Cholesterol (mmol/L) 5.62 ±1 .18 5.37 ±  0.33
P lasm a A p o  A - I (g/L) 1.25 ± 0 .1 4 1.45 ±  0.16 * *
P lasm a Total A p o  B  (g/L) 1.15 ±0 .16 1.12 ±  0.17
P lasm a A p o  B -48  (ug/ml) 3.50 ±2 .1 5 1.36 ± 0 .2 5  * *
P lasm a N E F A  (mmol/L) 0.85 ±0 .15 0.54 ± 0 . 1 3 *
T R L -T A G  (m m ol/L) 1.08 ±1.21 0.37 ±  0.34 *
T R L -A p o  B -48 (wg/ml) 0.88 ± 0 .9 6 0.20 ± 0 .1 3
In franatan t T A G  (m m ol/L) 1.46 ±0 .61 0.80 ± 0 .13  * *
In frana tan t A p o  B -48  (rag/ml) 2.79 ±1 .78 1 .17±0 .17  * *
*  p <  0.05; * *  p <  0.01, * * *  P  <  0.005 compared with N ID D M
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average intakes of the U K  population. However, the calculated mean habitual dietary 
intakes of the N ID D M  group indicate that as a whole, this group failed to meet current 
British Diabetic Association recommendations for diet and diabetes.
Table  4.3
N ID D M  and control study: Nutrient analysis of the daily habitual food intake in the
N ID D M  and control groups
N ID D M  
(mean ±  SD , n =  9)
C O N T R O L  
(mean ±  SD , n  =  6)
E n e rgy  (Kca l) 1925 ±  373 2117 ±  591
M E A N  N U T R IE N T  IN T A K E  A S  A  P E R C E N T A G E  O F  D IE T A R Y  E N E R G Y
Prote in 18.2 +  3.5 18.2 ± 3 .5
Carbohydrate 43.7 ± 7 .3 43.7 ± 7 .3
Total Fat 37.6 ± 8 .2 37.6 ± 8 .2
M ono-unsaturates 38.7 ± 7 .1 37.2 ± 3 .6
Polyunsaturates 17.1 ± 6 .7 16.1 ± 4 .2
Saturates 44.3 ±  11.3 46.8 ± 4 .9
P :S  R atio 0.35 ±  0.23 0.39 ±0 .13
P:S =  polyunsturated: saturated fatty acid ratio
4.5.3. P lasm a A p o  A - I  and  A p o  B
The postprandial plasma apo A - I levels are shown in Table 4.a, in Appendix III,  
and in Figure 4.3. The results showed higher apo A - I concentrations in the control 
group compared to the diabetic group, at all time points. Levels were fairly stable 
throughout the postprandial period with no significant change in response to the test 
meal. The plasma total apo B  concentrations are shown in Table 4.b, in Appendix III,  
and in Figure 4.4. Levels were similar between the groups, again with a fairly stable 
time course profile. After 5 hr, the mean levels appeared to stabilise at 1.1 g/L for both 
groups.
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Fig. 4.3 Postprandial plasma apo A-I responses in NIDDM (n=9)
and Control (n=6) [mean +/- SEM]
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4.5.4. Plasma Glucose
Plasma glucose levels are shown in Table 4.c, in Appendix III,  and in Figure 4.5. 
A s expected, the diabetic group showed a significantly elevated fasting and 
postprandial glucose response to the test meal (p <0.01). The early postprandial 
profile in the diabetic group suggested poor glycaemic control and this was 
corroborated by the level of glycated haemoglobin in the diabetic group.
4.5.5. P lasm a N E F A
Plasma N E F A  levels are shown in Table 4.d, in Appendix III,  and in Figure 4.6. 
The N E F A  response in the groups showed a shallow U-shaped pattern. Although 
levels in the diabetic group were consistently higher than in the controls, no significant 
difference was found in the A U C  between the diabetic group and the controls.
4.5.6. Plasm a, T R L  and In franatant Cholesterol
The plasma cholesterol levels are shown in Table 4.e, in Appendix III,  and in 
Figure 4.7. Both groups had virtually identical cholesterol values, which remained 
stable throughout the 12 hour postprandial period. However, when the distribution of 
the cholesterol in the various fractions was analysed, the TRL-cholesterol in the 
diabetic group was consistently higher than the control group. The A U C  for T R L - 
cholesterol showed a trend (p =  0.053) towards increased amounts in the diabetic 
group. The infranatant-cholesterol showed the inverse pattern with the controls having 
consistently higher values than the diabetics. The A U C  in the infranatant fraction 
between the diabetic and control groups was not significant. In  both the fractions, as 
with the plasma levels, there was no effect o f the meal, and levels remained fairly 
constant. The bar chart for the A U C  is shown in Figure 4.8. T R L  and infranatant- 
cholesterol levels are illustrated in Figures 4.9 and 4.10, respectively and given in 
Table 4.f, in  Appendix III.
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Fig. 4.5 Postprandial plasma glucose responses in NIDDM
(n=9) and Control (n=6) [mean +/- SEM]
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Fig. 4.7 Postprandial plasma Cholesterol responses in
NIDDM (n=9) and Control (n=6) [mean + / - SEM]
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Fig. 4.9 Postprandial TRL-Cholesterol responses in NIDDM
(n=9) and Control (n=6) [mean +/- SEM]
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4.5.7. Plasma, T R L  and Infranatant T A G
The time course profile of plasma T A G  is illustrated in Figure 4.11, and values are 
given in Table 4.g, in Appendix III.  In  general, the postprandial response patterns of 
the diabetic and control groups appear to be similar. The control group had a peak 
plasma T A G  value occurring 5 hr after the meal and the diabetic group had a peak at 7 
hr. The magnitude of the T A G  rise in the control group was less than that o f the 
diabetic group. There was a significant difference in the A U C  between the diabetic 
and control groups (p <  0.05). However, when corrected for the fasting values and 
expressed as the IA U C , there was no significant difference between the groups. The 
IA U C  is a specific measure of the increment of a response; it is the difference between 
the total A U C  and the area under the time response curve that is due to fasting levels 
o f a parameter. O n ly  a single peak was noted in both groups.
The T R L -T A G  time course profile is shown in Figure 4.13 and in Table 4.h, in 
Appendix III.  In  the diabetic group the mean (± SD ) fasting T R L -T A G  was 1.08 (± 
1.21) mmol/L representing 4 2 %  of the total plasma value. In  the diabetic group, there 
was a steady increase to reach peak levels of 2.23 (±  1.75) mmol/L, 5 hr after the 
meal. Levels remained fairly constant until 7 hr and declined from then onwards. The 
T R L -T A G  in the diabetic group displayed only a single peak. In the control group, the 
fasting T R L -T A G  was 0.37 (±  0.34) mmol/L, representing 3 4 %  of the plasma value. 
The T R L -T A G  profile in the control group showed a biphasic response. A n  early peak 
o f 1.02 (±  0.74) mmol/L was detected 1 hr after the meal and a second major peak of 
1.20 (±  0.74) mmol/L was present 5 to 6 hr after the meal. Levels showed a sharp 
decline from  6 to 8 hr postprandially and returned to fasting levels within 10 hr. The 
A U C  as well as the IA U C  for T R L -T A G  was significantly greater (p <  0.05, in both 
instances) in the diabetic group.
The infranatant-TAG, shown in Figure 4.14, displayed a fairly constant 
postprandial profile. In  the diabetic group, the mean (± SD ) fasting value was 1.46 (±  
0.61) mmol/L, representing 57 %  of plasma TA G . Levels showed a small, early rise to 
2.00 (±  1.09) mmol/L at 30 mins, then remained fairly constant at about 1.75 (± 0.71) 
mmol/L for the duration of the study. In  the control group, the mean fasting 
infranatant-TAG value was 0.80 (±  0.13) mmol/L representing 7 3 %  of the plasma
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Fig. 4.11 Postprandial plasma TAG responses in NIDDM
(n=9) and Control (n=6) [mean +/- SEM]
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Fig. 4.13 Postprandial TRL-TAG responses in NIDDM (n=9)
and Control (n=6) [mean +/- SEM]
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value. Postprandially, levels remained relatively constant. The A U C  was significantly 
greater (p <  0.01) in the diabetic group, but no significant difference was found with 
the IA U C . The T A G -A U C  is shown in Figure 4.12. T R L - and infranatant T A G  
values are given in Table 4.h, in Appendix ID.
4.5.8. Plasm a, T R L  and In franatan t A po  B -48
The time course profile of plasma apo B-48 is shown in Figure 4.15, and the values 
given in Table 4.i, in Appendix III.  The postprandial patterns in both the diabetic and 
control groups were similar, with the diabetic group having higher values at all time 
points. In  the diabetic group, the mean (± SD ) fasting apo B -48 concentration was 
3.50 (± 2.15) wg/ml, and rose gradually to peak at 6.15 (±  2.93) Mg/ml at the 4 hr time 
point. Levels then fell slightly, but generally remained about 4.50 (±  1.75) Mg/ml until 
the 9 hr time point and then began to decline gradually. The fasting plasma apo B -48  
level in the control group was 1.36 (±  0.25) Mg/ml and increased gradually to 2.51 (± 
0.32) Mg/ml at 2 hr, followed by a sharp rise to 3.70 (± 0.91) Mg/ml between the 3 and 
4 hr time point. There was a sharp decline from 5 to 7 hr, followed by a more gradual 
decline back to fasting levels by 9 hr. The A U C  in plasma apo B -48  was significantly 
greater (p <  0.005) in the diabetic group. However, the IA U C  was not significantly 
different. The apo B -48 A U C  is shown in Figure 4.16.
The TR L-apo  B -48  time course profile is shown in Figure 4.17 , and values given 
in Table 4.j, in Appendix III.  In  the diabetic group mean fasting levels were 0.88 (±  
0.96) Mg/ml, representing 2 5 %  of the total plasma value. There was a single peak of 
1.86 (± 1.13) ug/ml at 3 hr followed by a gradual decrease to fasting levels after 11 hr. 
The TR L-apo  B -48  profile in the control group showed a different pattern. The 
fasting concentration was 0.20 (± 0.13) Mg/ml, representing 15%  of the plasma value. 
A s with the T R L -T A G  response in the control group, a biphasic pattern was noted - a 
sharp, early peak of 0.99 (± 0.36) wg/ml at 1 hr, followed by a major peak of 1.34 (±  
0.32) wg/ml at 5 hr. The mean levels then show a rapid decline between 5 and 6 hr and 
return to fasting levels after 9 hr. The diabetic group had a significantly greater A U C  
(p <  0.05) compared to the controls, but no statistical difference was noted in the 
IA U C  between the groups.
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Fig. 4.17 Postprandial TRL apo B-48 responses in NIDDM (n=9)
and Control (n=6) [mean +/- SEM]
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The infranatant apo B -48  time course profile is shown graphically in Figure 4.18, 
and the values given in Table 4.j, in Appendix III.  In  the diabetic group, mean fasting 
concentrations were 2.79 (±  1.78) Mg/ml, representing 8 0%  of the plasma value. 
Levels rose gradually to a peak value of 3.68 (± 2.04) Mg/ml at 3 hr. There was a 
transient decrease in mean concentrations between 3 and 6 hr, after which the levels 
fluctuated, but generally remained in the region of 3.30 (± 1.90) Mg/ml. Values had not 
returned to fasting levels by the end of the study. In  the control group, the mean 
fasting value of infranatant apo B-48 was 1.17 (± 0.17) Mg/ml, representing 8 6%  of the 
plasma value. Levels rose rapidly to peak at 2.36 (± 0.72) wg/ml at 3 hr, after which 
there was a gradual decline back to fasting levels 10 hr after the meal. The diabetic 
group had a significantly greater A U C  (p <  0.005) compared to the controls. The 
IA U C  showed no significant difference.
4.5.9. Plasm a, T R L  and In frana tan t R P
The time course profile of plasma R P  is shown in Figure 4.19, and the values given 
in Table 4.k, in Appendix IU. R P  was not detected in plasma until 1 hr after the meal, 
in either group. In  the diabetic group, the mean (± SD ) plasma R P  showed a 
prominent early rise to peak value of 8.15 (± 2.39) Mmol/L at 4 hr. Thereafter, in the 
diabetic group, these levels were sustained in a broad peak until 7 hr after the meal. 
Levels then decreased at a sim ilar rate to the control group. The control group 
displayed a slower rise in plasma RP, reaching peak levels 3 hr later than the diabetic 
group. Peak levels, although sim ilar to the diabetic group - 8.10 (±  1.55) Mmol/L, 
were reached only 7 hr after the meal, in the control group. Despite differences in time 
and shape of peak responses, there was a similar decline in R P  in both groups between 
7 and 12 hr. A t the end of the 12 hr study, R P  was still detected in plasma, with 
sim ilar mean concentrations in both the diabetic and control groups at this time. The 
diabetic group showed a significantly greater A U C  in plasma R P  compared to the 
control group.
The T R L -R P  time course profile is shown in Figure 4.21. In this fraction, R P  was 
again detected after 1 hr of the meal. The diabetic group again displayed an earlier 
peak o f 6.21 (± 2.23) Mmol/L, 4 hr after the meal. In  the control group a mean peak
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Fig. 4.21 Postprandial TRL-RP responses in NIDDM (n=9)
and Control (n=6) [mean +/ - SEM]
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value of 6.29 (±  2.26) Mmol/L was reached 6 hr after the meal. N o  significant 
differences were noted in the A U C  of T R L -R P  between the groups.
The time course profile of the infranatant-RP is shown in Figure 4.22. In  the 
diabetic group, infranatant-RP was first detected 2 hr after the meal and the levels 
peaked at the 7 hr postprandial point to a mean value of 3.30 (± 1.49) Mmol/L, then 
decreased to levels of 2.30 (±  0.82) Mmol/L from 8 to 10 hr and finally showed a 
gradual decline from  10 to 12 hr. The control group showed a more gradual rise in 
RP, to peak at a value of 2.66 (±  1.53) Mmol/L after 10 hr of the meal, after which 
levels showed a sharp decline. N o  significant differences were noted in the A U C  of 
infranatant-RP between the groups. The R P  A U C  is shown in Figure 4.20. The T R L  
and infranatant R P  values are given in Table 4.1, in Appendix III.
4.5.10. T R L -  A p o  B-48, T A G  and R P  Profile  C om parisons
Figures 4.23 and 4.24 show the comparison of the TRL-apo  B-48, T A G  and R P  
responses in the N ID D M  and control groups, respectively. The y-axis (in arbitrary 
units) shows the relative change from fasting levels. In  the N ID D M  group, the T R L  
apo B -48  and T A G  profiles are similar, with peak values achieved at the 3 hour 
postprandial time point. In  the diabetic group, the R P  profile showed a 2 hr difference 
in the time to peak, when compared to the apo B -48 and T A G  responses. In  the 
control group, the time course profiles of T R L  apo B -48  and T A G  both show an early 
peak at the 1 hr time point followed by a second major peak at 5 hr. In  the control 
group, the R P  response did not show the early peak as with apo B -48  and T A G . The 
decline phase from  the 6 hr time point, for all three indices, in both groups, appeared to 
be similar.
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4.5.11. A U C  and IAUC of the Assayed Parameters
The results of the computed 12 hr AUC and the IAUC which correct for 
differences in fasting levels is shown in Table 4.4. All the units of measurement are 
given and significant differences between the diabetic and control groups are denoted 
by symbols.
4.5.12. Post-H eparin  L ipoprote in  L ipase  (L P L )  Activity
The basal, 5 and 15 min post-heparin LPL activity (12 hr after the meal) for the 
diabetic and control groups is shown in Figure 4.25, with individual values in Table
4.5. The mean (± SD) 15 min post-heparin LPL activity in the diabetic and control 
groups was 71.7 (± 40.8) and 117.1 (± 63.5) nmol/min/ml plasma, respectively. 
Although heparin-stimulated LPL activity was lower in the diabetic group, no 
statistically significant difference was found between the groups. This was in part due 
to the wide variation in the responses of the study subjects.
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Table 4.4
N ID D M  and control study: Mean (± SD ) A U C  and IA U C  of assayed parameters in 
the N ID D M  andcontrol groups
N ID D M C O N T R O L
Plasm a
Cholesterol - A U C  (mmol/L.min) 
T A G  - A U C  (mmol/L.min)
T A G  - IA U C  (mmol/L.min)
A po  B -48  - A U C  (Mg/ml.min) 
Apo B -48  - IA U C  (Mg/ml.min) 
R P  - A U C  (Mmol/L.min)
3672 ±  749 
2525 ± 1395 
690 ± 5 1 8  
3696 ±2013  
1175 ± 5 8 8  
3957 ± 1424
3694 ±  340 
1243 ± 4 3 1  *  
449 ± 2 3 0  
1796 ±  204 * * *  
882 ± 1 9 1  
2923 ± 8 7 1  *
T R L  Fraction
Cholesterol - A U C  (mmol/L.min) 
T A G  - A U C  (mmol/L.min)
T A G  - IA U C  (mmol/L.min)
Apo B -48  - A U C  (Mg/ml.min) 
Apo B -48  - IA U C  (wg/ml.min) 
R P  - A U C  (Mmol/L.min)
475 ± 4 3 0  
1307 ±1115  
529 ± 2 7 4  
1021 ± 7 7 4  
389 ± 1 5 7  
2707 ± 1023
169 ±  86 
527 ±  274 *  
263 ± 133 *  
473 ± 2 7 0 *  
330 ± 2 0 4  
2158 ± 5 6 3
In franatan t
Cholesterol - A U C  (mmol/L.min) 
T A G  - A U C  (mmol/L.min)
T A G  - IA U C  (mmol/L.min)
Apo B -48  - A U C  (Mg/ml.min) 
Apo B -48  - IA U C  (Mg/ml.min) 
R P  - A U C  (Mmol/L.min)
2817 ± 7 1 0  
1285 ± 5 3 4  
233 ±  125 
2445 ± 1453 
440 ± 24 1  
1162 ± 4 1 8
3326 ±  304 
717 ±  131 * *  
143 ±  56 
1107 ±  125 * * *  
263 ±  153 
795 ± 2 8 7
*  p <  0.05; * *  p <  0.01; * * *  p <  0.005 compared with N ID D M
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Table 4.5
NIDDM and control study: Basal, 5 and 15 min post-heparin LPL activity 
(nmol oleate/min/ml plasma) in all study subjects
N ID D M C O N T R O L
Subject Basa l 5 m in 15 m in Basal 5 m in 15 m in
1 1.24 10.97 21.91 0.75 145.12 206.16
2 0.72 69.75 78.61 ; 3.47 83.03 134.87
3 0.81 26.91 60.53 1.94 27.97 132.78
4 0.95 33.03 59.24 0 72.86 44.27
5 0.81 22.50 44.72 0 22.70 41.65
6 1.86 82.23 101.74 0 94.85 143.15
7 4.30 110.34 157.70
8 1.41 61.40 85.51
9 21.66 51.69 35.58
M E A N 3.8 52.1 71.7 1.0 74.4 117.1
S D 6.8 32.1 40.8 1.4 45.4 63.5
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4.6. DISCUSSION
This study is the first application of a quantitative E L IS A  for apo B -48  in the 
evaluation of alimentary lipaemia and has enabled a detailed analysis of C M  and C M -R  
metabolism in the postprandial state in a group of N ID D M  subjects. The two different 
markers of C M  metabolism i.e. apo B -48 and R P  labelling were employed and their 
response patterns compared in this study. In  most previous postprandial studies 
involving N ID D M  subjects, the focus of attention has been the contribution o f T A G  
from  V L D L , and the mechanisms by which insulin and insulin resistance influences apo 
B -100  synthesis and secretion by the liver. Detailed study of C M  and C M -R  
metabolism is clearly of great importance in view of the suggestion that CE-enriched 
C M -R  may be atherogenic (Sim ons et al., 1987). Hitherto, the role of the intestinally- 
produced C M  has not been adequately investigated due to the lack of an exclusive 
marker for C M . The validity of the only surrogate marker of C M  and their remnants - 
vitam in A  labelling now appears to be in question (Krasinski et al., 1990b).
In  this study plasma indices of total cholesterol, Apo B, apo A -I, glucose and 
N E F A  were measured to give an index of the overall metabolic response to the test 
meal. Apo  B -48  and R P  were measured as markers of C M  and C M -R  metabolism. In  
addition, T A G  and cholesterol were measured in plasma, the T R L  fraction and in the 
infranatant. The response in N ID D M  subjects was compared with the response in a 
group of closely matched subjects with normoglycaemia.
A s this study followed the intestinal contribution of lipoproteins to a test meal, 
careful nutritional evaluation was undertaken. Assistance was provided by academic 
research nutritionists and two undergraduate nutrition students from the University of 
Surrey who were directly involved in the planning, evaluation and preparation o f the 
test meal, in preparing and analysing habitual nutrient intakes, measuring and 
computing anthropometric data, as well as in the laboratory analysis o f some of the 
data.
The selected subject group in this study comprised middle-aged men. This is the 
age group where the manifestations of N ID D M  and of C H D  begin to appear . A s  the 
influence of the sex hormones on lipoprotein metabolism and C H D  is complex, the
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selection of women in this age group would require sub-division with respect to 
menstrual status since oestrogens have been shown to affect V L D L  production, V L D L  
remnant and circulating C M -R  clearance, all o f which are enhanced in women taking 
steroid contraceptives (Knopp, 1991).
The study subjects in the diabetic and control groups were carefully matched with 
regards to age, B M I,  %  body fat and habitual macronutrient intake. A ll study subjects 
were normo-cholesterolaemic, and fasting glucose levels (mean 8.38 vs 5.37 mmol/L; p 
<  0.05) were higher in the diabetic group, with glycated haemoglobin levels indicative 
of sub-optimal glycaemic control. The mean fasting T A G  level in the diabetic group 
was higher than in the controls (2.55 vs 1.10 mmol/L, p <  0.05).
The principal findings of this study were that compared with the control group, the 
diabetic group showed:
- higher fasting plasma apo B-48 concentrations,
- significantly lower apo A - I concentrations,
- augmented postprandial C M  and C M -R  particle numbers as denoted by the increased 
apo B -48  responses in plasma, T R L  and infranatant fractions,
- increased lipid and lipoprotein levels follow ing the test meal,
- that when corrected for fasting levels, by expressing results as IA U C , the 
exaggeration of the postprandial lipaemic response to the test meal is modest and 
significant only in terms of elevated plasma R P  and T R L -T A G  responses, and
- no significant difference in heparin stimulated L P L  activity.
In  addition a number of differences in the time course profile between the groups were 
noted:
- in general, the patterns of plasma, T R L  and infranatant postprandial profiles of T A G  
and apo B -48 were similar, contrasting with the R P  profiles for which the diabetic 
group had significantly earlier and broader peak values, as compared by repeated 
measures analysis of variance and
- the T R L -T A G  and TRL-apo  B -48 profiles in the control group appeared to have an 
early peak one hr after the meal which was not present in the diabetics. The rise in 
T R L -R P  occurred later than the rise in T R L -T A G  and apo B-48 in both groups. The 
early peak in the control group was not reflected in the R P  profile and
- the infranatant fraction showed relatively little change in levels of apo B-48, T A G
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and cholesterol, postprandially, in both groups.
The first important finding in this study is the demonstration of quantifiable plasma 
apo B -48 in the fasted state in all study subjects. In  the diabetic group, in which the 
mean fasting plasma T A G  which was 2.3 fold higher than the control group, a 
corresponding 2.8 fold increase in the fasting apo B -48 levels (3.50 wg/ml vs 1.27 
Mg/ml; p <  0.05) was found. These findings support the observations by Cohn et al. 
(1988) who found that apo B -48 was present in the T R L  fraction of 22 healthy 
subjects after a 14 hr overnight fast. The findings of a study by Curtin et al. (1994), 
using N ID D M  and control subjects, with fasting T A G  similar to that in our study, 
showed that the fasting apo B -48  band was clearly visible in all subjects, when 
measured by SD S -P A G E . Several explanations can be proposed for the presence of 
these particles in fasting plasma. Bisgaier &  Glickman (1983) have shown that apo B - 
48 containing C M  are synthesised and secreted by the intestine at a basal rate in the 
post-absorptive state. Although synthesis of small amounts of apo B -48  containing 
lipoproteins in the liver has been demonstrated in the rat (Bell-Quint et al., 1981), there 
is convincing evidence that the human liver does not synthesise apo B -48 (Edge et al., 
1985), and that hepatic clearance of C M -R  from circulation is an efficient process 
(Schaefer et al., 1986). Detection of apo B -48 in the fasted state must therefore 
represent either a low  basal rate of apo B-48 production or alternatively, the fact that a 
small fraction of apo B -48 containing C M -R  escapes clearance by the liver and 
remains in circulation. The latter is a likely probability, particularly in diabetes, but the 
possibility o f fasting apo B -48 secretion cannot be excluded. The application of the 
apo B -48  E L IS A  has enabled the detection and quantitation of these particles in whole 
plasma, in contrast to the previous studies mentioned where the detection was 
qualitative and only possible in the T R L  fraction. In  the fasted state, apo B -48 was 
detected in both the T R L  and infranatant fractions, indicating the presence of small, 
but measurable quantities of C M  which are heterogeneous with regards to their size 
and density.
The current study represents a considerable advance on previous reports by 
documenting the alimentary component of the postprandial lipaemic response for the 
first time. There was a significantly greater apo B -48  A U C  in the diabetic group as 
measured in plasma (p <  0.005), the T R L  fraction (p <  0.05) and the infranatant
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fraction (p <  0.05). These results indicate that the diabetic group has an increased 
number of circulating C M  particles. The method of ultra-centrifugation employed in 
the study produced a T R L  fraction estimated to approximate to the S f  >  400 
lipoprotein fraction. About 3 0%  of the apo B-48 containing particles were found in 
the T R L , with the majority (70% ), presumably representing C M -R  of heterogeneous 
composition and size, being found in the infranatant.
In  the diabetic group, the concentration of apo B-48 in the T R L  fraction was 
found to increase from a mean fasted value of 0.88 wg/ml to a peak value of 1.86 
wg/ml, an increase of 2.1-fold, 3 hr after a meal containing 50 g fat. This contrasted 
with the control group profile of a mean fasting value of 0.2 Mg/ml, a 5-fold increased 
concentration to a first peak (0.99 Mg/ml) at 1 hr after the meal, followed by a second 
major peak, producing an overall 6.7 fold increase (1.34 wg/ml) at 5 hr. The 
corresponding T R L -T A G  change was that from a mean fasted value of 1.08 mmol/L 
to a peak value of 2.23 mmol/L, a 2.1-fold increase, 5 hr after the meal in the diabetic 
group, and from a mean fasted value of 0.37 mmol/L to a peak value of 1.20 mmol/L, 
a 3.2-fold increase, 6 hr after the meal, in the control group. These findings suggest 
that despite identical fat loads, the nature of the apo B-48 response appeared to be 
different in the N ID D M  group compared to the control group. The N ID D M  subjects 
appeared to demonstrate a smaller extent of increase in apo B -48 concentration. A s 
the peak apo B -48  in the T R L  fraction was not significantly different between the 
groups, a possible reason for the observed difference appears to be due the relatively 
higher fasting apo B -48  levels in the N ID D M  group.
Postprandial changes in the concentration of apo B -48 in T R L  have been reported 
by Cohn et al. (1988b). In  concordance with the results of the present study, they 
found that in healthy subjects the relative dye intensity of apo B -48 on Coomasie blue- 
stained S D S  slab gels increased about fivefold at the peak of the lipaemic response. 
This peak occurred 3 hr after a high fat meal, and returned to baseline after 12 hr. 
They inferred that apo B -48  increased from  about 1 %  to about 3 -4 %  of the apo B - 
100 concentration at the peak of lipaemia, which they estimated to be about 2 Mg/ml. 
Sim ilarly, Schneeman et al. (1993), from measured apo B -48 chromogenicity, 
estimated the peak postprandial apo B -48 concentration at 4 wg/ml. Karpe et al. 
(1993a), measured apo B -48 by S D S  electrophoresis in tube gels on healthy subjects
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and found the postprandial T R L  concentrations of apo B -48 in the same range. 
However, they found that apo B-48 could not be measured in the S f  >  400 fraction. 
The increase occurred predominantly in the S f 60-400 fraction and to a lesser extent in 
the S f  20-60 fraction. Nakai et al. (1991), measured the relative concentrations of apo 
B -48 to apo B -100  by slab gel electrophoresis in the T R L  fraction of N ID D M  subjects, 
and showed that in the postabsorptive state, this ratio was 3 %  in well-controlled 
subjects, and increased progressively with increasing levels of glycated haemoglobin.
The time course profile of apo B -48 concentrations in the infranatant fraction over 
12 hr is fairly stable. This suggests that the rate at which the core T A G  of C M  are 
hydrolysed to produce C M -R  is the limiting factor in the clearance of apo B -48  
particles from circulation, rather than the hepatic uptake of the C M -R . Strapans et al. 
(1992) examined C M  and C M -R  metabolism in diabetic rats and found no difference 
in the clearance from  circulation or in hepatic uptake of C M -R  by perfused livers, 
when compared to non-diabetic rats. T so  &  N ilsson (1992), have shown that larger 
C M  are removed more slow ly from plasma.
A n  important finding in  this study is the demonstration of an enhanced postprandial 
lipaemic load in subjects with N ID D M . The standard index for the assessment of the 
postprandial lipaemic response is the magnitude of the change in T A G  concentration. 
In  this study, the A U C s in plasma, T R L  and infranatant T A G  were significantly higher 
in the diabetic group, than the control group. The plasma R P  A U C  was also 
significantly higher in the diabetic group, although the R P  A U C  in the T R L  and 
infranatant fractions were not significantly higher.
Although sim ilar findings have been described by other groups, it is clear that the 
magnitude and duration of alimentary lipaemia varies with the fasting T A G  level. 
These findings have been described previously by other groups. Lew is et al. (1991), 
compared the postprandial T A G  and R E  response in obese, hyper-triacylglycerolaemic 
and normo-triacylglycerolaemic N ID D M  subjects and compared their responses to a 
normo-triacylglycerolaemic control group, matched for B M I. They analysed plasma, 
an S f  >  1000 chylomicron fraction and an S f  <  1000 non-chylomicron fraction. T A G  
and R E  measured in plasma and in the lipoprotein fractions were found to be 
significantly greater in the hyper-triacylglycerolaemic N ID D M  group but not in the 
normo-triacylglycerolaem ic N ID D M  group, when compared to the controls.
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Chen et al. (1993) compared the postprandial responses of a group of treated 
N ID D M  subjects with a group of controls. The mean fasting T A G  levels in the 
N ID D M  group were sim ilar to those of the controls. Plasma, the S f  >  400 lipoprotein 
fraction and the S f 20-400 lipoprotein fractions were analysed. There was no 
significant difference in fasting and postprandial T A G  levels in plasma or in S f  >  400 
and S f 20-400 lipoprotein fractions between the two groups. The R P  response was 
not significantly different in either plasma or the S f >  400 fraction but was significantly 
higher in the S f  20-400 lipoprotein fraction (p <0.001) in the N ID D M  group. M ore  
recently, Tan et al. (1995), reported significantly increased 12 hr T A G  A U C  in a group 
of hypertriglyceridaemic N ID D M  subjects, compared to both a normo- 
triacylglycerolaemic N ID D M  group and to a control group. In  addition, they found a 
significantly greater R P  A U C  in a CM -rich  fraction of the hyper-triacylglycerolaemic 
N ID D M  group when compared to the controls. The hyper-triacylglycerolaemic 
N ID D M  group also had significantly greater R P  A U C  in the C M -poor fraction, 
compared to both the normo-triacylglycerolaemic and control groups.
Syvanne et al. (1994a), investigated alimentary lipaemia in N ID D M  and control 
subjects, sub-dividing both the groups into those with and without C A D . They found 
that the postprandial plasma T A G  response (when corrected for fasting levels) and the 
levels of T A G  and R P  of the atherogenic remnant lipoproteins in the S f 60-400 
fraction, were significantly higher in the N ID D M  group when compared to control 
subjects. These differences were noted in all N ID D M  subjects, regardless of C A D  
status. They concluded that differences in alimentary lipaemia in N ID D M  are not 
related to C A D  risk. The major criticism of this study is that of its cross-sectional 
design, with potential subject selection bias. Indeed, as pointed out by the authors, the 
findings have to be interpreted with caution and await the findings of prospective 
studies.
The heparin stimulated plasma L P L  activity was not significantly different between 
the N ID D M  and the control groups, although the mean value was lower in the diabetic 
group. This parameter was assessed at the end of the postprandial period, 
approximately 12 hr after consumption of the test meal. A  sim ilar value for L P L  
activity in the postabsorptive phase may indicate that there is no abnormality in T R L - 
T A G  hydrolysis in the fasted state. However, enzymatic L P L  activity may be the
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lim iting factor during the postprandial period, and may be a contributory to the 
significantly greater T R L -T A G  A U C  in the diabetic group. The lack of difference 
between the groups may also reflect the inability of post-heparin plasma L P L  activity 
to distinguish between the two main tissue sources of the enzyme - skeletal muscle and 
adipose tissue. A  specific defect in adipose tissue L P L  activity in N ID D M  subjects 
may go undetected in this assay, although it may be important in the metabolism of 
T R L.
The T A G  results of this study are consistent with all previous reported findings. 
However, there are marked differences in R P  results in the present study compared 
with other published studies. The R P  data probably reflect differences in the different 
experimental design of the studies. The use of R P  has been the main tool used to 
m onitor C M  metabolism, but its application is open to a number of criticisms. Berr &  
Kern (1984), and K rasin sk i et al. (1990b) questioned the physiological basis of its use 
and showed that a significant proportion of R P  can be found in other lipoprotein 
species nine hr or more postprandially. The results of R P  loading studies have shown 
considerable variation. In  addition to the variability of the different lipoprotein 
fractions, the plasma responses of R P  have shown inconsistencies. Lew is et al. (1991) 
showed that plasma R P  in the diabetic group peaked between 4 and 6 hr postprandially 
and between 3 to 4 hi' in the control group. Chen et al. (1992) found peak plasma R P  
in an N ID D M  group to be about 3 hr, with levels clearly falling by 6 hr, whereas 
Syvanne et al. (1993) found peak values at 6 hr.
In  the present study, the plasma R P  response in the diabetic group showed a broad 
peak between 4 and 7 hr. Compared to the controls, there was a significant distinct 
earlier rise in plasma and T R L -R P  in the diabetic group, as indicated by repeated 
measures analysis of variance, and the 0-6 hr A U C s (results not shown). This 
difference in R P  between the control and diabetic groups in the early postprandial 
period may represent changes in the assembly, synthesis and/or secretion of the 
diabetic C M . R P  is considered an effective marker for C E  contained within C M . The 
R P  findings of the present study, taken together with the findings of: (i) an increased 
A U C  for TRL-cholesterol, almost reaching statistical significance (p =  0.053), (ii) a 
significantly greater T R L -T A G  IA U C  and (iii) no statistical difference in TRL-apo  B - 
48 IA U C , suggest the presence of larger, T A G - and C E - enriched C M /C M -R ,
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remaining in the T R L  fraction for a longer period in the diabetics. The T R L  apo B-48 
IA U C  values suggest that there is a quantitatively greater increase in particle size 
rather than an increase in particle number in the diabetic subjects whereas the R P  
increase suggest a quantitatively greater incorporation of C E  into C M , particularly in 
the early postprandial period. The enrichment of C M  with C E  has been shown in 
diabetic rats and rabbits (Young et al., 1988; O ’Meara et al., 1990).
In  the infranatant, as in the T R L  fraction, an earlier R P  peak was noted in the 
diabetic group. This could simply represent a precursor to product relationship of R P  
enriched C M -R , produced from the R P  enriched C M  in the diabetic group. Other 
possibilities for the early diabetic R P  peak in the infranatant include a delayed hepatic 
removal o f C M -R  secondary to increased competition from V L D L  remnants, or a 
decrease in hepatic removal of C M -R , resulting either from a primary hepatic removal 
defect and/or alterations in the compositional structure of C M -R . A n  alternative 
possibility is that in diabetes, an increased amount of R P  may be incorporated by the 
enterocyte directly into a relatively denser C M  of the S f 20 - 400 flotation fraction, as 
has been suggested to occur in healthy subjects, by Karpe et al. (1993a).
Com parison of the composite time course profiles of apo B-48, T A G  and R P  in 
the T R L  fraction (Figures 4.23 and 4.24), indicate that apo B -48  concentration is the 
major determinant of the T R L -T A G  profile. In  the control group, there appears to be 
a sharp decline in the T R L  apo B -48 between the 5 and 6 hr time points, and there is a 
decrease in T R L -T A G  from  the 6 hr time point. This may possibly reflect a short 
physiological delay whereby the T A G  in V L D L  is hydrolysed only after apo B -48 
containing particles are sufficiently cleared from circulation. This tight temporal 
coupling of apo B -48 and T A G  supports the hypothesis put forward by Schneeman et 
al. (1993), that the impairment of hydrolysis of V L D L -T A G  during postprandial 
lipaemia is a result of preferential hydrolysis of C M -T A G . Therefore, the presence of 
C M  in circulation results in a competitive inhibition of V L D L  clearance. Karpe et al. 
(1993a) extended this hypothesis and showed that the apo B -100  concentration in ID L  
(Sf 12-20) fell significantly at the peak of lipaemia, consistent with impaired lipolysis of 
V L D L  and therefore impaired production of ID L  particles from V L D L . Studies in rats 
have shown that endogenous T A G  accumulate when C M -like  emulsions are
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administered, and also that the increase in V L D L -T A G  is not due to increased hepatic 
production (Robins et al., 1989).
The above discussion suggests that differences in R P  responses of diabetic subjects 
compared with controls, reflect differences in the composition and/or size distribution 
of C M  particles in these two populations. W ith respect to the use of R P  as a marker of 
C M  particles, the data obtained in the present study suggests differences between R P  
and apo B-48, which are evident in both diabetic and control subjects. It might be 
argued that, if R P  were a valid marker of C M  metabolism, although there may be 
differences between the groups, or within each group of diabetic or control subjects, 
the ratio of apo B -48  and R P  should be constant throughout the entire postprandial 
period. In  addition, the distribution of apo B -48 and RP, in the T R L  and infranatant 
fractions should be similar. This would be expected to be the case only if  apo B -48 was 
not detected in significant amounts in the fasted state. However, the present study 
shows that in the pre-meal samples, apo B -48 was detectable in both the T R L  and 
infranatant fractions. When all study subject were taken together, the proportion of 
apo B -48 in the T R L  and infranatant fractions (12 hr IA U C ) is 4 7 %  and 5 3 %  
respectively which contrasts with the distribution of R P  (12 hr A U C ) in the T R L  and 
infranatant fractions of 7 0 %  and 3 0 %  respectively. This highlights a limitation of the 
use o f R P  and a possible explanation for this differential distribution of R P  and apo B - 
48 could be the presence of C M  and C M -R  not labelled with RP. It is possible that a 
significant proportion of apo B -48 in the infranatant fraction represents apo B -48  from 
C M  produced from previously ingested food i.e. food ingested prior to the test meal 
labelled with RP. Therefore, the R P  measured in the infranatant follow ing the test 
meal represents only a fraction of the total C M -R  actually present in circulation. R P  is 
present only in C M -R  entering the infranatant fraction from the T R L  fraction, or 
directly from  the intestine after the test meal is given.
Furthermore, there is no evidence that C M  take up R P  uniformly. Indeed, the 
uptake and distribution of R P  in C M  is unexplored and aberrations in N ID D M  subjects 
may complicate the issue even further. R P  may perhaps be preferentially incorporated 
into C M  which form  relatively larger C M -R . Redgrave &  Carlson (1979) have shown 
that C M -R  of S f  >  400 are mainly cleared directly without conversion to smaller 
particles. In  addition, Karpe et al. (1993a) has suggested that not all apo B -48
166
containing lipoproteins in the S f  60- 400 fraction are necessarily C M -R , since direct 
secretion of C M  in this fraction cannot be dismissed. Packard et al. (1984), from 
kinetic turnover studies, have shown that large, hyper-triacylglycerolaemic V L D L  are 
cleared from circulation directly, and Karpe et al. (1993a) have speculated that this 
m ay also be true for large C M -R .
A n  additional finding from the present study which is worthy of comment is the 
observation of 2 distinct peaks in the T A G  and apo B-48 responses at 1 hr and 5 hr 
postprandially, in the T R L  fraction of the control group. M o st previous studies in 
healthy subjects have suggested that the postprandial T A G  profile is monophasic i.e. an 
initial rise followed by a fall. Multiple peaks have been documented but their aetiology 
is as yet inadequately explained. Cohn et al. (1988a) have suggested that multiple 
postprandial T A G  peaks are not usually recognised due to the fact that postprandial 
studies are conducted with small subject numbers, and with inadequate postprandial 
blood sampling. They have also clearly shown that using mean data for a group of 
subjects can disguise individual differences. In  concordance with our findings, they 
have also reported that multiple peaks are of intestinal origin.
In  the present study, important differences in the postprandial profile between the 
groups seemed to be unmasked in the T R L  fraction. In  the control group, an early 
T R L -T A G  and TRL-apo  B -48 peak was detected about an hr after the meal. A  
biphasic T A G  response pattern follow ing an evening meal has been reported (W illiams 
et al., 1992), and the measurement of apo B -48 by our group has revealed that this 
peak is of intestinal origin (Peel et al., 1993). This early peak is not seen in the R P  
response nor in subjects given test meals follow ing an overnight fast. It has been 
suggested that the early peak seen in non fasted subjects represents C M  formed from 
previously ingested food, and whose release into circulation from the enterocyte was 
provoked by the test meal. This present study corroborates our group’s previous 
findings and supports the contention that in biphasic T A G  responses, both the early 
and late peaks are of intestinal origin. In  the present study, the biphasic response 
pattern was observed with T A G  and apo B-48 in the T R L  fraction. This study also 
shows that the early peak is noted only in the control group and not in the diabetic 
group. Possible aberrations in the assembly and secretion of C M  in N ID D M  subjects 
could account for this. A s  discussed earlier, the diabetic group have higher fasting apo
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B-48  levels, possibly from a continuous basal secretion, which may obscure the 
appearance of an early apo B -48  peak.
4.7. C O N C L U S IO N
In conclusion, this study supports the view that N ID D M  is associated with an 
exaggerated postprandial lipaemic response. W ith the application of a novel 
methodology, C M  and C M -R  can be quantified and their properties characterised. In 
a group of diabetics with a mean fasting T A G  value which was 2.3-fold higher than the 
controls, we found that fasting apo B-48 concentrations were 2.8-fold higher. 
A lthough the differences in fasting lipid and lipoprotein levels can largely account for 
the differences in A U C , this study shows importantly, that diabetics may be exposed to 
greater numbers of potentially atherogenic lipoproteins over longer periods of time. 
The study also provides evidence to support the opinion that the composition of 
intestinally secreted C M  is altered in the diabetic state. It can also be inferred that the 
accumulation o f C M / C M -R  and V L D L  particles are closely coupled and that apo B - 
48 levels appear to influence postprandial T A G  clearance. In  addition, the use of 
dietary retinol to label C M / C M -R  appears give an incomplete picture by m issing key 
physiological responses in the very early postprandial period. There may also be 
difficulties in its interpretation in the later postprandial period.
Although this present study is fairly detailed, a comprehensive picture o f the 
postprandial events would be enhanced by the measurement of apo B -100  in the T R L  
and infranatant fractions. However, the more usual and easily available commercial 
antibodies have been found to be unsuitable as the methodologies are affected by the 
lipaemia in the T R L  samples. In  addition, a specific B-100 assay would be required, 
for use in conjunction with the apo B-48 assay. W e are currently in the process of 
developing such an assay, with the possibility of its use in further analyses associated 
with this study.
Another lim itation of this study is the method of the T R L  fraction preparation. A  
preferable but more laborious method would be density gradient ultracentrifugation.
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Th is would enable direct comparisons of our results with that of other groups when the 
basis of lipoprotein subfractionation is similar.
Final comments concern the design of this study. Although a 12 hr postprandial 
follow -up period was adequate, R P  was still quantifiable at the last time point, and 
subsequent samples should have been taken up to 24 hr after the test meal. Finally, 
although this study aims to represent the general N ID D M  population, the selected 
study subjects displayed mildly elevated T A G  levels. W hile this is typical of this 
metabolic disorder, this study is unable to distinguish differences that may arise in 
hypertriacylglycerolaemic subjects, independent of the diabetic state. The key to the 
constellation of lipid abnormalities in diabetics lie in the metabolism of T R L . To  
address this issue, the next chapter deals with the same group of N ID D M  subjects, 
before and after therapy with an established T A G  lowering fibrate drug.
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CHAPTER 5
TH E EFFECTS OF BEZAFIBR ATE ON 
POSTPRANDIAL LIPO PR O TEIN  
M E TA B O LIS M  IN  N O N -IN SU LIN  
DEPENDENT DIABETES M E LLITU S
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5.1. I N T R O D U C T I O N
Diabetes mellitus is the commonest secondary cause of hypertriacylglycerolaemia 
(Steinberg, 1991). About 5 0 %  of all patients with non-insulin dependent diabetes mellitus 
(N ID D M )  are dyslipidaemic and the hallmark abnormality is a plasma triacylglycerol 
(T A G ) level greater than 1.5 mmol/L (Stem et al., 1989). Diet, exercise and glycaemic 
control are first-line measures for managing dyslipidaemia in the diabetic patient. These 
measures, although often beneficial, may not normalise lipid levels, because they do not 
necessarily completely correct the metabolic derangement. In  view of the high incidence 
of persistent dyslipidaemia and coronary artery disease (C A D ) associated with diabetes, 
greater attention must be given to correcting dyslipidaemia in diabetic patients with lipid- 
lowering therapy, even in those patients with good glycaemic control. Although the 
beneficial effects of normalising lipids in N ID D M  patients in terms of reduced C A D  
morbidity/mortality have not been demonstrated, correction of dyslipidaemias has been 
shown to significantly reduce cardiac end points in non-diabetic patients with elevated 
plasma T A G  and low  density lipoprotein cholesterol (LD L -C ) and decreased high density 
lipoprotein cholesterol (H D L -C ) levels. M o st of the excessive risk  of C A D  in diabetics 
cannot be accounted for by conventional risk  factors (Pyorala et al., 1987). Cortner et al. 
(1987) have demonstrated a strong positive correlation between fasting T A G  levels and 
the magnitude of the postprandial chylomicron (C M ) remnant (C M -R ) response in non­
diabetic subjects. Exaggerated postprandial lipaemia in N ID D M  subjects has been 
documented by our group, (Chapter 4 of the thesis), and by others (Lew is et al., 1991).
The C M  is the transport vehicle in plasma for lipids of exogenous origin, and is 
responsible for delivering large amounts lipid from  sites of absorption, to body depots for 
storage and utilisation. The amount of intake in man is regulated by dietary customs and 
appetite, and the body’s capacity to handle C M  is tested particularly by the bursts of 
activity occurring during and after meal times. C M  metabolism is thought to occur in two 
major steps: hydrolysis of T A G  by extrahepatic tissue, where it is required, followed by 
uptake and degradation of the carrier moiety, i.e. the C M -R , predominantly in  the liver.
A  number o f postprandial studies have examined the effects of fibrate drugs in 
hyperlipidaemic and in N ID D M  subjects. These studies, however, describe overall T A G
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metabolism, and studies which have recognised the need to investigate the metabolism of 
the carrier lipoprotein particles have, in fact, focused on the effects of fibrate 
administration on very low  density lipoprotein (V L D L ) metabolism. There have been 
relatively few reports of the effects of fibrates on the metabolism of intestinally-derived 
lipid. However, this should not be taken to imply that C M  metabolism is unimportant. 
Indeed, there is currently renewed interest in the metabolism of C M -R , as there is 
increasing evidence that these particles are involved in atherosclerosis. The lack of 
knowledge of the metabolism, structure and composition of C M / C M -R  reflects the 
difficulties of differentiating C M -R  from  endogenous V L D L  particles, due to similarities in 
the physical and chemical properties of these particles. The only integral difference 
between the C M  lineage and that of the endogenous V L D L  lineage is the presence of 
apolipoprotein (apo) B -48 in the former and of apo B -100 in the latter. Although apo B - 
48 determination allows for the study of C M /C M -R , specific, accurate and quantifiable 
methods for the determination of apo B -48 have not previously been available. The 
measurement of T A G  by itself is insufficient in the investigation of lipoprotein particle 
metabolism. In 1976, Hazzard &  Bierman introduced a method of investigating 
intestinally-derived lipoproteins in humans with vitamin A  loading and this technique has 
been extensively used in most centres. Although still an invaluable handle on C M / C M -R  
metabolism, Krasinski et al. (1990b) and others have warned against possible 
misinterpretation of data, especially during the later postprandial period. The development 
and application of an apo B -48 antibody by our group is thus timely and affords a new 
w indow into the investigation of the C M /C M -R . Quantitative determination of apo B -48  is 
possible with the enzyme linked immunosorbant assay (E L IS A )  methodology and can give 
insight into the size and composition of these particles.
Intestinally-derived particles are normally present only in the postprandial state, but 
apo B -48 is detected in the V L D L  fraction in the postabsorptive state in most 
hypertriacylglycerolaemic subjects (Bradley et al., 1984), and C M  have been found in 
plasma samples of some fasted hypertriacylglycerolaemic subjects, particularly in those 
with diabetes (Frederickson et al., 1978). A n  important characteristic of triacylglycerol- 
rich lipoproteins (T R L ) that is often overlooked is that each large T R L  particle carries 
more cholesterol and cholesterol ester (C E ) than does one L D L  particle. A s compositions 
are often expressed in percentages, and the percentage of cholesterol plus C E  in L D L  is
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about 5 0 %  and only about 5 %  in C M , it is erroneously assumed that L D L  contain more 
sterol than V L D L  or C M . The mass of each T R L  particle is far greater than that of L D L  
and this difference in particle mass translates into far more molecules of cholesterol and 
C E  per particle in large T R L  than in L D L . Shen et al. (1977) estimated that one C M  
particle (S f >  400) carries approximately 60,000 molecules of cholesterol plus CE, one 
V L D L  (S f 100-400) carries ~  10,000 while one L D L  carries only ~  2,000 total sterol 
molecules. In  addition, the T R L  carry an enormous number of T A G  molecules, estimated 
to be in the region of 500,000 in C M , ~24,000 in V LD L l,b u t only 300 in L D L . When 
the data are expressed in these terms, it is easier to accept the possibility that T R L  could 
be atherogenic (i.e. deliver cholesterol to monocyte-macrophages or cells of the artery 
wall) if they could be taken up by the cells. It even seems reasonable to speculate that 
these particles could be more atherogenic than L D L , because one C M  could deliver 30 
times, and a V L D L 1 , five times as much cholesterol as could one L D L  particle. In  
addition, hydrolysis of T R L -T A G  could deliver massive amounts of non-esterified fatty 
acids (N E F A ) to the cells.
T R L  derived from hypertriacylglycerolaemic individuals have been shown to be taken 
up by macrophages, with the formation of foam cells, and are known to be toxic to 
endothelial cells (Gianturco &  Bradley, 1991). Importantly, case-control studies by 
Sim ons et al. (1987) and Groot et al. (1991), have shown that individuals with 
angiographically verified C A D  have elevated postprandial C M -R .
Sim pson et al. (1990) described the response of patients with severe C A D  to a 
dynamic fat load test and monitored the change induced by fenofibrate. The presence of 
disease was associated with a prolonged, exaggerated hypertriacylglycerolaemic response 
to the test meal. Fenofibrate treatment significantly reduced fasting serum TA G , 
diminished the peak T A G  response and decreased the T A G  A U C  in the d <  1.006 g/ml 
lipoprotein fraction. In  their study, there was no significant difference in the postprandial 
R P  levels. They suggest that these findings, in combination, imply that fenofibrate therapy 
does not accelerate the clearance of C M /C M -R . Instead, the more likely explanation of 
the findings (assuming that fenofibrate does not alter fat absorption) would be an 
increased C M -T A G  lipolysis in circulation. The reduction in triacylglycerolaemia is 
accounted for by an increase in C M -T A G  lipolysis in circulation since lipoprotein lipase 
(L P L ) activity is raised by 3 7 %  during fenofibrate therapy. Fenofibrate, by reducing
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circulating C M -T A G  levels also diminished cholesteryl ester transfer protein (C ET P )- 
mediated exchange of HDL-cholesterol ester for C M -T A G . Thus, compositional 
perturbations created by this reverse cholesterol transport is reduced along with an 
increase in H D L-C .
Syvanne et al. (1993) showed that after 12 weeks of treatment, gemfibrozil 
significantly reduced the A U C  of the postprandial plasma T A G  and R P  responses in 
N ID D M  subjects by 3 2 %  and 3 4%  respectively. It was argued that the lipid-lowering 
mechanism of gemfibrozil was due to decreased competition for catabolic sites between 
intestinal and hepatic lipoprotein particles, since reduction in endogenous V L D L -T A G  by 
fibrates would leave more catabolic sites available for the processing and removal of 
intestinally derived lipoprotein particles.
Jones et al. (1990) studied thirty-seven N ID D M  subjects. In  their study, treatment 
with bezafibrate for a month resulted in reductions in postprandial serum N E F A , T A G  and 
cholesterol. The fall in cholesterol was largely due to a fall in L D L -C . They noted a 
significant increase in H D L -C  only after a further two months of treatment with 
bezafibrate.
The composition of lipoproteins is known to be altered by fibrate therapy. In  subjects 
with elevated T A G , treatment with fibrates frequently causes change in the chemical 
com position of L D L  particles. In  general, the proportion of T A G  in L D L  (and H D L ) is 
reduced, the proportion o f cholesterol is increased and the cholesterol: apo B  ratio in L D L  
is increased (Eisenberg et al., 1984). Shepherd et al. (1985) demonstrated that fenofibrate 
treatment, in familial hypercholesterolaemia (FH), caused a shift of the hydrated density 
distribution curve of L D L  to that of a lower density. A s hypertriacylglycerolaemia is often 
associated with small, dense L D L , the increased buoyancy of L D L  in response to fibrate 
therapy represents a step towards normalisation of L D L  composition (Vega &  Grundy, 
1985). These metabolic alterations in lipoprotein composition are particularly beneficial in 
diabetes.
Interesting information has emerged from post hoc analyses o f the Helsinki Heart 
Study (Huttunen et al., 1991). This was a randomised, placebo-controlled, five year 
primary prevention trial, employing gemfibrozil for treatment of primary dyslipidaemias. 
Remarkably, it was found that almost all the benefit was restricted to a sub-group of 
patients, about 10%  of the trial population. Subjects with baseline L D L -C : H D L -C  ratio
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>5 and T A G  level >2.3 mmol/L, showed more than 7 0 %  reduction in C H D  risk. This 
again supports the opinion that patients in this group may have had small, dense L D L  and 
that gem fibrozil and other fibrates may be especially effective in these patients.
There is evidence indicating that haemostatic parameters reflecting the activity of the 
coagulation and fibrinolytic processes may be influenced by fibrate administration. Plasma 
fibrinogen levels have been shown to be reduced by a number of fibrates including 
bezafibrate. Moreover, Stiko-Rahm  et al. (1990), have shown that hyper­
triacylglycerolaemic V L D L  stimulate the secretion of plasminogen activator inhibitor-1 
(P A I-1 ) from endothelial cells. A s the clearance of V L D L  is in competition with the 
clearance of postprandial C M , there is a possible link between delayed T R L  clearance, 
impaired fibrinolysis and a pro-thrombotic state. It is still unclear how fibrates act on the 
inter-dependent processes of coagulation and fibrinolysis but it is of interest that the 
activities o f several factors correlate closely with the concentration o f T R L . Som e of 
these effects are probably secondary to the TRL-low ering efficacy of these drugs.
Jones et al. (1990) reported reductions in fasting blood glucose in N ID D M  patients 
during bezafibrate treatment. In  line with others, these reductions in blood glucose were 
not accompanied by reductions in glycated haemoglobin concentrations. The significance 
of this is unclear but it may represent changes in fasting but not the postprandial glucose 
metabolism. The clinical implications o f this finding remains to be evaluated.
Fibric acid derivatives (fibrates) are widely used lipid lowering drugs. Fibrates are 
particularly effective in hypertriacylglycerolaemia and also appear to have cholesterol 
lowering properties. Clofibrate was discovered in 1947 and since then there have been a 
series o f fibrates produced by the pharmaceutical industry. In  the United Kingdom , the 
five fibrates that are currently available are bezafibrate, clofibrate, gemfibrozil, fenofibrate 
and ciprofibrate. These drugs have sim ilar mechanisms of action but have different 
potencies.
Fibrates are almost completely absorbed and are usually supplied in the free acid form 
whereby they can be directly active in plasma. The mechanisms of the lipid-modifying 
actions of these agents are still incompletely understood, but they are principally known 
for their ability to accelerate the catabolism of T R L . Tw o mechanisms of action are fairly 
well established with another more speculative.
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Firstly, fibrates increase L P L  activity (measured in post-heparin plasma) and enhance 
the lipolysis of T R L . N ikkila  et al. (1977), have shown that fibrates can elevate plasma 
post-heparin and skeletal muscle lipase activities. Hepatic lipase on the other hand does 
not seem to be affected by fibrates. Fibrate treatment given to the very hyper­
triacylglycerolaemic patient results in a decrease in V L D L  but increase in L D L  levels, 
suggesting that fibrates enhance the conversion of V L D L  to L D L .
Secondly, fibrates lim it the availability of substrate, non-esterified fatty acids (N E F A ) 
for triacylglycerol synthesis within the liver (Levy et al., 1976). This has been attributed 
to a suppression of intracellular lipolysis, especially the depression of the action of 
hormone sensitive lipase within adipocytes. It is also possible that fibrates lim it hepatic 
fatty acid synthesis by reducing acetyl C o A  carboxylase. In  addition, fibrates are capable 
of activating alpha-glycerophosphate dehydrogenase, the enzyme that promotes glycerol 
degradation, hence controlling another component of the substrate availability for T A G  
production.
The third mode of action of fibrates involves their effects on cholesterol synthesis. This 
mechanism was previously inferred from in vitro experiments and in vivo studies carried out 
in experimental animals, suggesting that cholesterol synthesis might be reduced due to 
suppression of 3-hydroxy-3-methylglutaryl coenzyme A  (H M G  C oA ) reductase, the enzyme 
catalysing the conversion of H M G  C oA  to mevalonate, an early rate-limiting step in 
cholesterol synthesis (Bem t et al., 1978; Cosentini et al., 1989). In  line with this, other 
studies suggested that fibrate administration resulted in stimulation of L D L  receptor activity 
causing enhanced removal of L D L  via the L D L  receptor pathway (Stewart et al., 1982). 
M ore  recently, however, Be il et al. (1990), suggested that fibrates, when used in therapeutic 
doses in humans, do not suppress cholesterol synthesis by inhibiting H M G  C o A  reductase 
activity, as was demonstrated in a drug trial comparing lovastatin and bezafibrate. 
Lovastatin, a specific inhibitor o f H M G  C o A  reductase reduced 24 hr urinary mevalonate 
output by 3 7 %  while bezafibrate had no such effect, indicating that no inhibition of H M G  
C o A  reductase could be detected with fibrates using this method.
Bezafibrate is a second generation lipid-lowering drug, and in the present study was 
used as a single daily dose of a slow-release preparation, (Bezalip Retard 400 mg, 
Boehringer Mannheim  Ltd.) Fibrate drugs appear to be the ideal pharmacotherapeutic 
option in dyslipidaemic N ID D M  subjects. In  addition to an elevated fasting T A G  level,
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N ID D M  subjects appear to have evidence of subtle abnormalities in L P L  activity as shown 
by ourselves (see Chapter 4) and by Taskinen, (1987). In the present study, we examined 
the efficacy of bezafibrate on postprandial triacylglycerol-rich lipoproteins (T R L ) 
metabolism in subjects with N ID D M , independent o f changes in nutritional regulation and 
glycaemic control. The study was a single-blind, placebo cross-over trial investigating the 
effects of bezafibrate on postprandial lipid metabolism in N ID D M  subjects. The aims of 
the study were:
- to evaluate, in a group of N ID D M  subjects, the effects of bezafibrate on the fasting and 
postprandial lipid and lipoprotein profiles of plasma, T R L  and infranatant fractions after a 
defined test meal, in order to explore the hypothesis that fibrate treatment results in an 
improvement of metabolic handling of TR L,
- specifically to follow  fasting and postprandial C M  and C M -R  metabolism utilising a 
novel monospecific apo B -48 antibody and to compare the results with those obtained by 
R P  labelling o f these lipoproteins,
- to gain insights into the compositional changes in CM / C M -R  induced by fibrate 
treatment,
- to investigate the relationship between fasting T A G  levels and the postprandial lipaemic 
responses before and after bezafibrate treatment and
- to investigate the relationship between L P L  activity and the postprandial lipaemic 
responses before and after bezafibrate treatment.
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5.2. STUDY DESIGN
5 . 2 . 1 .  S t u d y  S u b je c t s
A  to ta l o f  n ine su b jects  w ith  N ID D M  w e re  re c ru ite d  in to  th e  s tu d y . T h ese  w e r e  
th e  sa m e  su b jec ts  in v o lv e d  in  th e  p re v io u s  s tu d y  (C h a p te r  4 )  w h ich  ex a m in e d  th e  
d iffe re n c e s  b e tw e e n  N ID D M  an d  c o n tro l su b jects . A l l  s tu d y  su b jects  w e r e  m a le  an d  
w e re  d ia g n o se d  as h a v in g  d iab e tes  m ellitus b ased  u p on  the  W o r ld  H eath  O rg a n isa tio n  
c rite r ia  f o r  th e  d ia g n o sis . N o n e  o f  th e  su b jects  had  m a jo r re n a l, l iv e r , e n d o c rin e  o r  
o th e r  d isea ses . N o n e  o f  th e  s tu d y  su b jects  g a v e  a  h is to ry  o f  e th a n o l co n su m p tio n  
e x c e e d in g  3 0  un its p e r  w e e k . F o u r o u t o f  th e  n ine  d iab etics  su b jects  w e r e  s o le ly  o n  
d ia b e tic  d ie ts  to  c o n tro l th e ir  c o n d itio n , an d  th e  re m a in d er w e re  on  a  c o m b in a tio n  o f  
d ie t an d  o ra l h y p o g ly c a e m ic  d ru g s  o r  insu lin . T h ree  su b jects  w e re  on  su lp h o n y lu re a  
tre a tm e n t a n d  tw o  w e re  o n  insu lin  trea tm en t. F iv e  o u t o f  th e  n ine d iab e tic  su b jects  
w e re  a lso  o n  m ed ica tio n  f o r  an g in a  and/or h yp erten sio n . N o n e o f  th e  su b jects  w a s  o n  
lip id  lo w e r in g  d ru g s , m e tfo rm in  o r  se x  s te ro id s . T he stu d y  p ro to c o l c o n fo rm e d  to  th e  
e th ic a l g u id e lin e s  o f  th e  D e c la ra tio n  o f  H elsink i, th e  R o y a l C o lle g e  o f  P h ysic ia n s  an d  
th e  D e p a rtm e n t o f  H ealth . T h e  stu d y  p ro to c o l w a s  a p p ro v e d  b y  th e  E th ica l 
C o m m itte e s  o f  th e  U n iv e rs ity  o f  S u r re y  and  th e  S o u th  W e s t  S u r re y  D is tr ic t  H ealth  
A u th o r ity . A l l  p a rtic ip a n ts  w e re  g iven  a  ‘P a tie n t In fo rm atio n  S h e e t ’ , e x p la in in g  th e  
n a tu re  o f  th e  s tu d y , an d  g a v e  th e ir  w ritte n  c o n se n t to  ta k e  p a r t  in th e  s tu d y  (F ig u re  5 .a  
in  A p p e n d ix  IV ).
5 .2 .2 .  D e s ig n  O f  S t u d y
T h is  p re s e n t tr ia l w a s  a  6  w e e k  sin g le-b lin d , p la c e b o -c o n tro lle d , c r o s s - o v e r  tr ia l. 
F o llo w in g  re c ru itm e n t, th e re  w a s  a  tw o  w e e k  ru n -in  p e r io d  d u rin g  w h ic h  tim e  a  th re e  
d a y  fo o d  d ia ry  w a s  c o m p ile d  in  o rd e r  to  d e term in e  th e  h ab itu a l d a ily  fa t  in ta k e  o f  th e  
su b jec ts . F o llo w in g  th e  tw o  w e e k  ru n -in  p e r io d , a ll su b jects  w e re  is su e d  w ith  p la c e b o  
ta b le ts  in  a  se a le d  c o n ta in e r  p ro v id e d  b y  B o e h r in g e r M an n h eim , U .K . A t  th e  e n d  o f  
th e  6  w e e k  p la c e b o  p h a se , a ll su b jects  u n d erw e n t a  p o s tp ra n d ia l s tu d y  fo llo w in g  a
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s ta n d a rd  test m e a l. F o llo w in g  the  f i r s t  p o s tp ra n d ia l stu d y, a l l  su b jects  w e re  issu ed  w ith  
lo n g  ac tin g  b e z a fib ra te  (B ez a lip  R e ta rd ) at a  d o s e  o f  4 0 0  m g  a  d ay . T h e  a c tiv e  d ru g , 
a lso  p ro v id e d  b y  B o e h r in g e r M an n h eim , U .K . w a s  id en tica l in  s ize  to  th e  p la c e b o  
ta b le ts . F o llo w in g  six  w e e k s  o f  a c tiv e  d ru g  trea tm en t, th e  su b jects  p o s tp ra n d ia l 
e v a lu a tio n  s tu d y  w a s  re p e a te d  u n d er id en tic a l co n d itio n s . A s  an  in d ex  o f  c o m p lia n c e  to  
m e d ic a tio n , a ll u n u sed  tab lets  w e re  re tu rn e d  a n d  co u n ted . A l l  su b jects  u n d e rw e n t  
p la c e b o  tre a tm e n t p r io r  to  th e  a c tiv e  d ru g  trea tm e n t in  o rd e r  to  a v o id  p ro b le m s  w ith  
c a r r y -o v e r  e f fe c t  o f  th e  a c tiv e  d ru g  and  to a v o id  w a sh o u t p e rio d s  w h ich  w o u ld  h a v e  
p ro lo n g e d  th e  d u ra tio n  o f  th e  s tu d y  and  th e re b y , in crease  th e  r is k  o f  a lte r in g  su b je c t  
c h a ra c te ris tic s .
A l l  s tu d y  su b jects  u n d erw e n t tw o  c o m p le te  p o s tp ra n d ia l s tu d ies , o n c e  fo llo w in g  6  
w e e k s  o f  p la c e b o  trea tm e n t (p la ceb o  arm ) and th e  seco n d  s tu d y  fo llo w in g  6  w e e k s  o f  
tre a tm e n t w ith  th e  a c t iv e  d ru g  (trea tm en t arm ). A l l  su b jects  w e re  a d v is e d  to  re m a in  o n  
th e ir  u su a l d ie t  and  e x e rc ise  p a tte rn s  fo r  tw o  w e e k s  p r io r  to  th e  s tu d y  d a y s  an d  to  
s tr ic t ly  re fra in  fro m  a lc o h o lic  b e v e ra g e s  fo r  a t le a s t  th ree  d ays  p re c e d in g  a n y  s tu d y . A  
sch em atic  re p re se n ta tio n  o f  th e  tim e  c o u rse  o f  th e  stu d y  is sh o w n  in  F ig u re  5 . 1 .  A ll  
su b je c ts  w e r e  in s tru c ted  to  fa s t  f o r  a t le a s t tw e lv e  h ou rs on  th e  n ig h t p re c e d in g  th e  
s tu d y  d a y . T h e  p o s tp ra n d ia l stu d y  w a s c a rrie d  o u t o v e rn ig h t fo llo w in g  a  te s t  m ea l 
g iv e n  in  th e  e ven in g . T h e  ad va n tag es  o f  th is d esign  a re  th a t i t  m im ics a n o rm a l  
p ro lo n g e d  p o s tp ra n d ia l p h ase . It is a lso  m o re  acc ep tab le  to  p a tie n ts  as i t  a l lo w s  f o r  a  
p ro lo n g e d  p o s tp ra n d ia l p e rio d  ( 1 2  h r) w h ich  w a s  c o n s id e red  p a r t ic u la r ly  n e c e ssa ry  in  
d ia b e tic  su b je c ts , w ith o u t lo ss  o f  a  n o rm a l w o rk in g  d ay .
5 .2 .3 .  S t u d y  D a y  P r o c e d u r e
T h e  s tu d y  d a y  p ro c e d u re  e m p lo y ed  fo r  th e  tw o  arm s o f  th e  s tu d y  w a s  id en tic a l to  
th a t u sed  in  th e  p ro to c o l f o r  th e  p re v io u s  stu d y . D eta ils  o f  th e  p ro c e d u re  a re  g iv e n  in  
C h a p te r  4 ,  S e c tio n  4 .2 .3 .  A  su m m a ry  o f  the  s tu d y  d a y  p ro to c o l is sh o w n  in  F ig u re  5 .2 .
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Figure 5.1
B e z a fib ra te  s tu d y : S c h e m e  o f  even ts  o v e r  tim e
1 st 2 '
S T U D Y  D A Y  S T U D Y  D A Y
I 1
6  w e e k s  6  w e e k s
ND
R e c ru itm e n t  
o f  su b je c ts
2  w e e k s
R u n -in  p e r io d  P la c e b o  T re a tm e n t B e z a fib ra te  T re a tm e n t
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Fig. 5.2 Bezafibrate study: Study day protocol
9  m id d le -a g e d , m a le  N ID D M  su b jects  e n te re d  in to  th e  s tu d y , 2  w e e k  ru n -in  p e rio d , 
s tu d y  d a y s  fo l lo w  a fte r  6  w e e k s  o f  p la c e b o  and  6  w e e k s  o f  b e z a fib ra te  trea tm en t
0 8 0 0  h rs : F astin g  b lo o d  sam p le  taken . S u b je c ts  c o n su m e d  stan d ard  b re a k fa st. 
G iv e n  sn a c k  an d  p a c k e d  lu n ch  fo r  th e  d a y
1 3 0 0  h rs : S ta n d a rd  lu n ch  c o n su m e d
1 8 5 0  h rs : A d m itte d  to  the C lin ic a l In ve stig a tio n  U n it, R o y a l S u rre y  C o u n ty  H osp ita l. 
2  b a se lin e  b lo o d  sam p les  taken
1 9 0 0  h rs : S ta n d a rd  test m e a l p ro v id ed . T h is  c o m p rise d  a  5 0 g  fa t  an d  1 4 0  g
c a rb o h y d ra te  m ea l. In  ad d itio n  3 4 0 ,0 0 0  IU  re t in y l p a lm ita te  ad d ed  to  th e  m e a l.
B lo o d  sa m p les  ta k en  a t 0 .5 ,  1 , 2 ,  3 , 4 ,  5 ,  6 , 7 ,  8 , 9 ,  1 0 ,  1 1 ,  1 2  h rs
0 7 0 0  h rs : 7 5 0 0  IU  h ep arin  g iv e n  as b o lu s i/v d o se  an d  b lo o d  taken  at a d is ta n t s ite  fo r  
L P L  a c t iv ity  a t 5  an d  1 5  m in .
T h ro u g h o u t the  stu d y , b lo o d  sam p les w e re  c e n tr ifu g e d  im m ed ia te ly  (w ith in  1 0  m in )a n d  
th e  p la s m a  sep a ra ted  an d  s to re d  fo r  fu rth e r  a n a ly s is . T h e  T R L  fra c tio n  w a s  p re p a re d  
b y  u ltra c en trifu g a tio n  o f  p la sm a  o v e r la y e re d  w ith  sa lin e  d = 1 .0 0 6  g/ml. T h is w a s  d o n e  
w ith in  2 4  h rs  o f  sam p le  co llec tio n .
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5.3. METHODS OF ANALYSIS
T h e m eth o d s u sed  fo r  a n a ly s is  o f:
- p la sm a  T A G , c h o le s te ro l, N E F A , g lu co se , R P , apo  B -4 8 ,  apo  A - I  an d  ap o  B
- th e  T R L  fra c t io n  -T A G , c h o le s te ro l, R P , apo  B -4 8
- in fra n a ta n t fra c tio n  - T A G , c h o le s te ro l, R P , ap o  B -4 8
- p o st-h e p a rin  p la sm a  L P L  a c tiv ity
are  d e sc rib e d  in  d e ta il in  C h a p te r 2 . B r ie f ly :
1 .  T h e  a ssays  f o r  T A G , c h o le s te ro l and  N E F A  w e re  c a rrie d  o u t o n  an  a u to m a te d  
c e n tr ifu g a l a n a ly se r  -  th e  C o b as M ira  P lus (R o ch e  D iag n o stics) b a se d  o n  seq u en tia l 
e n z y m a tic  re a c tio n s , w ith  a  c o lo r im etric  en d -p o in t d e term in atio n . C o m m e rc ia l te s t  k its  
f r o m  R o c h e  w e re  u sed  fo r  T A G  and  c h o le s te ro l, w ith  a  W a k o  k it  fo r  N E F A  
d e te rm in a tio n . A l l  a ssa y  listings w e re  su p p lied  b y  th e  m a n u fa c tu re r f o r  a p p lica tio n  o n  
th e  C o b a s  M ira  P lu s  (R o c h e  D iag n o stics).
2 .  A p o  A - I  an d  A p o  B  w e re  d e te rm in ed  on  th e  C o b a s-M ira  P lu s c e n tr ifu g a l an a lyse r. 
T h e  m e th o d  is  b a se d  o n  an im m u n o -tu rb id o m etric  m ethod.
3 . T h e  m e th o d  fo r  R P  an a lysis w a s  b ased  o n  th e  re v e rse d -p h a se  h ig h -p e rfo rm a n c e  
liq u id  c h ro m a to g ra p h y  p ro c e d u re  d e sc rib ed  b y  D e  R u y te r  an d  D e  L e e n h e e r  ( 1 9 7 9 ) ,  
w ith  a  m o b ile  p h a se  o f  m e th a n o l a n d  s i lv e r  n itra te  (C h a p ter 2 ,  sec tio n  2 .1 .2 ) .
4 .  A p o  B - 4 8  w a s  q u an tita ted  b y  a  co m p etitive  e n zym e-lin k ed  im m u n o so rb a n t assa y  
(E L IS A )  d e v e lo p e d  fro m  an in -h o u se  m o n o sp ec ific  a n ti-ap o  B - 4 8  an tib o d y , as 
d e sc r ib e d  in  d e ta il in  C h a p te r 2 , sec tio n  2 .5 .
5 . G ly c a te d  h e a m o g lo b lin  (H b A ic ) w as m e a su red  b y  H P L C  (B io m en  H A - 8 1 2 1 )  b y  th e  
D e p a rtm e n t o f  C lin ic a l B io c h e m is try , S t. L u k e ’ s H osp ita l, G u ild fo rd , U K .
6 . T h e  T R L  fra c tio n  w a s  o b ta in ed  fro m  p la sm a  using  th e  u ltra c en trifu g a tio n  tech n iq u e  
as d e sc rib e d  in  C h a p te r  2  (sectio n  2 .2 ) .  A f te r  re m o v a l o f  th e  T R L , th e  v o lu m e  o f  th e  
re m ain in g  in fra n a ta n t fra c tio n  w a s  stan d ard ised . M eth o d s  o f  a n a ly te  m e a su rem en t o f  
th e  T R L  an d  in fra n a ta n t fra c tio n s  w e re  id en tic a l to  th e  p la sm a  a ssa y  m e th o d s. V o lu m e  
c o rre c tio n  fa c to rs  w e re  then  co m p u ted  and  a ll re su lts  w e re  c o r re c te d  fo r  p la sm a  
v o lu m e .
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7 . T h e  m ea su rem en t o f  p o st-h ep a rin  L P L  a c tiv ity  w a s  u n d ertak en  b y  a n o th e r  
in v e s t ig a to r  an d  is  d e sc r ib e d  in  C h a p te r 2  (se c tio n  2 .7 ) .
In  an  a tte m p t to  m in im ise  syste m atic  b ias d u e  to  assay  va r ia b ility , a ll sam ples fro m  
o n e  su b je c t w e re  a ssa y e d  on  th e  sam e d a y  an d  w ith in  th e  sam e a ssa y  run .
5 .4 .  S T A T I S T I C A L  A N A L Y S I S
S ta t is t ic a l an a lysis  w a s  c a rrie d  o u t o n  th e  IN S T A T  p ro g ra m m e  on  an A p p le  
M a c in to sh  c o m p u te r. T h e  p a ire d  S tu d e n ts ’ t - te s t  w a s  u sed  to  lo c a te  an d  assess  an y  
s ig n ifica n t d iffe ren c e s  b e tw e e n  the  A re a  U n d e r th e  T im e R esp o n se  C u rv e s  (A U C )  a n d  
th e  In c re m e n ta l A r e a  U n d e r  th e  T im e R esp o n se  C u rv e  (I A U C ), b e tw e e n  th e  su b jects , 
fo llo w in g  p la c e b o  an d  b eza fib ra te  trea tm en t. A l l  p a ram ete rs  s ta tis tic a lly  te s te d  w e r e  
e ith e r  sh o w n  to  b e  n o rm a lly  d is trib u ted , o r  lo g a rith m ica lly  tra n s fo rm e d  an d  re -c h e c k e d  
f o r  n o rm a l d is trib u tio n , p r io r  to  ap p lica tio n  o f  th e  t-te st. T h e  a c c ep ted  le v e l o f  
s ta tis tic a l s ig n ifica n ce  w a s  p  < 0 .0 5 .
P e a rs o n ’ s c o rre la t io n  c o e ffic ie n t w a s  u sed  in the an a lysis  o f  th e  re la tio n sh ip  
b e tw e e n  fa s tin g  T A G  le v e l  an d  L P L  a c tiv ity  w ith  m ark ers  o f  th e  p o s tp ra n d ia l lip aem ic  
re sp o n se .
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5.5. RESULTS
T h e p o s tp ra n d ia l p ro file s , as sh o w n  in a ll fig u res  in  th e  ‘R e s u lts ’ sec tio n  d isp la y  
b o th  th e  fa s tin g  an d  p o s tp ra n d ia l lip id  o r  lip o p ro te in  le v e ls . T h e  fa s tin g  v a lu e , 
o b ta in ed  on  th e  m o rn in g  o f  th e  s tu d y  d a y , fo llo w in g  a  1 2  h r  o v e rn ig h t fa s t , is  in d ic a ted  
b y  4F* on  th e  x -a x is . T h e  ‘0 ’ tim e  p o in t re p re se n ts  th e  m ean  o f  tw o  e v e n in g , p re -m e a l, 
lip id  o r  lip o p ro te in  v a lu e s . S u b se q u en t tim e p o in ts , f ro m  1 h r  to  1 2  h r  re p re se n ts  th e  
p o s tp ra n d ia l v a lu e s , fo llo w in g  th e  e ven in g  te s t  m ea l, co n su m ed  at 1 9 0 0  h r, w ith  tim in g  
ta k e n  fro m  th e  s ta rt  o f  th e  m ea l. T h e  p a ra lle l lines b e tw e e n  ‘F ’ an d  ‘0 ’ tim e  p o in ts  on  
th e -a x is  in d ic a te  a  d isp ro p o rtio n a te  tim e  in te rv a l b e tw e e n  th ese  p o in ts . T h e  A U C  
re su lts  re p re s e n t th e  in te g ra te d  a re a  o v e r  the  1 2  h r stu d y  p e rio d . T h e  I A U C , c o rre c ts  
f o r  d iffe re n c e s  in  b ase lin e  i.e . te s t  p re -m e a l v a lu es , b e tw e e n  the  N ID D M  an d  c o n tro l  
g ro u p s .
5 . 5 . 1 .  F a s t in g  L ip id  A n d  L ip o p r o te in  L e v e ls
T ab le  5 . 1  sh o w s  th e  c lin ica l c h ara c te ristic s  an d  th e  fa stin g  lip id  an d  lip o p ro te in  
le v e ls  o f  th e  N ID D M  su b jects  fo llo w in g  six  w e e k s  o f  p la c e b o  an d  b e z a fib ra te  
trea tm e n t. In  g e n era l, th e  su b jects  to le ra te d  th e  m e d ica tio n  v e ry  w e ll  an d  th e re  w e re  
n o  re p o rts  o f  i ll-e ffe c ts  o f  th e  m ed icatio n . F astin g  p la sm a  c h o le s te ro l w a s  s im ila r a t  
b o th  arm s o f  th e  s tu d y . F o llo w in g  p la ceb o  and  b e za fib ra te  tre a tm e n t, th e  m ea n  (±  
S D )  fa s tin g  c h o le s te ro l w a s  5 .6 2  (± 1 . 1 8 )  m m ol/L, and  5 .4 0  (±  1 .4 7 )  m m ol/L, 
re s p e c tiv e ly . T h e  m ean  (± S D ) fa stin g  p la sm a  g lu c o se  b e fo re  an d  a f te r  b e za fib ra te  
t re a tm e n t w a s  8 .4  (±  2 .2 )  m m ol/L an d  8 .0  (± 2 .2 )  m m ol/L, re s p e c tiv e ly . T h e re  w a s  no  
s ta tis tic a lly  s ig n ifica n t d iffe re n c e  b e tw een  fa s tin g  g lu c o se  v a lu e s , an d  th e  g ly c a te d  
h a e m o g lo b in  (H b A ic) v a lu e s  w e r e  v irtu a lly  u n ch an g ed . B e z a fib ra te  tre a tm e n t  
p ro d u c e d  h ig h ly  s ig n ifica n t re d u c tio n s  in fa s tin g  p la sm a  T A G , N E F A  an d  a p o  B - 4 8  
le v e ls , w ith  v a lu e s  o f  2 .5 5  (± 1 .3 3 )  vs  1 .6 7  (± 0 .7 1 )  m m ol/L, 0 .8 5  (±  0 . 1 5 )  vs 0 .4 6  (±  
0 . 1 2 )  m m ol/L , and  3 .5 0  (± 2 . 1 5 )  vs 1 .8 9  (± 0 .5 3 )  wg/ml, re s p e c tiv e ly , b e fo re  a n d  a f te r  
b e za fib ra te  trea tm e n t. F astin g  apo  A -I  le v e ls  o f  1 .2 5  (± 0 . 1 4 )  vs 1 . 4 7  (±  0 . 1 8 )  g/L, 
w e re  s ig n if ic a n tly  in c re a se d  a fte r  b eza fib ra te  trea tm ent.
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Table 5.1
B e z a fib ra te  s tu d y : M e a n  (±  S D ) fa s tin g  lip id  and lip o p ro te in  le v e ls  fo llo w in g  p la c e b o  
an d  b e z a fib ra te  trea tm en t
N ID D M  A F T E R  
P L A C E B O
N ID D M  A F T E R  
B E Z A F I B R A T E
P la s m a  G lu c o s e  (m m o l/ L ) 8 .4  ± 2 . 2 8 .0  ± 2 . 2
H b A iC  ( % ) 8 .3  ±  0 .4 8 .3  ± 0 . 3
P la s m a  T A G  (m m o l/ L ) 2 .5 5  ± 1 . 3 3 1 .6 7  ± 0 . 7 1  * * *
P la s m a  C h o le s te r o l  (m m o l/ L ) 5 .6 2  ± 1 . 1 8 5 .4 0  ± 1 . 4 7
P la s m a  A p o  A - I  (g/L) 1 .2 5  ± 0 . 1 4 1 .4 7  ± 0 . 1 8 *
P la s m a  T o t a l  A p o  B  (g/L) 1 . 1 5  ±  0 . 1 6 1 .0 8  ± 0 . 1 7
P la s m a  A p o  B - 4 8  (wg/m l) 3 .5 0  ± 2 . 1 5 1 .8 9  ± 0 . 5 3 *
P la s m a  N E F A  (m m o l/ L ) 0 .8 5  ± 0 . 1 5 0 .4 6  ± 0 . 1 2 *
T R L - T A G  (m m o l/ L ) 1 .0 8  ± 1 . 2 1 0 .4 7  ±  0 .3 5
T R L - A p o  B - 4 8  (wg/ml) 0 .8 8  ±  0 .9 6 0 .2 0  ±  0 .0 9  #
I n f r a n a t a n t  T A G  (m m o l/ L ) 1 . 4 6  ± 0 . 6 1 0 .9 8  ±  0 .2 4  *
I n f r a n a t a n t  A p o  B - 4 8  (wg/m l) 2 .7 9  ± 1 . 7 8 1 . 5 1  ± 0 . 2 7 *
* p < 0 . 0 5 ;  * * p < 0 . 0 1 ;  * * *  p  < 0 .0 0 5 ;  # d en o tes  p  = 0 .0 5 0 5  c o m p a re d  w ith
N ID D M  a f te r  p la c e b o  trea tm e n t
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5.5.2. Nutrient Analysis Of Habitual Daily Food Intake
T h e  h ab itu a l fo o d  in tak e  o f  th e  su b jects  is sh o w n  in T ab le  4 .3 ,  in C h a p te r  4 .  T his  
a n a ly s is  w a s  re p e a te d  p r io r  to  b o th  arm s o f  the stu d y  and no  d iffe re n c e  w a s  n o te d  in 
th e  h ab itu a l n u trien t in tak es o f  th e  stu d y su b jects. T he stu d y  su b jects  h ad  b een  
in s tru c te d  to  m ain tain  u su a l d ie ta ry  p a tte rn s  th ro u g h o u t th e  d u ra tio n  o f  th e  s tu d y . 
T h e  re su lts  su p p o rt o u r  o p in io n  o f  th e  high le v e l o f  m o tiv a tio n  in  the  se le c te d  s tu d y  
su b jects  an d  h e lp ed  to  e lim in a te  an y  p o ss ib le  in flu en ce  th a t ch an g es in  c h ro n ic  d ie ta ry  
p a tte rn s  m a y  h a v e  on  th e  re su lts  o b ta in ed  fro m  th e  acu te  test m ea l.
5 .5 .3 .  P la s m a  A p o  A - I  a n d  a p o  B
T h e  p o s tp ra n d ia l p la sm a  ap o  A -I  le v e ls  a re  sh o w n  in T ab le  5 .a, in A p p e n d ix  I V ,  
an d  in  F ig u re  5 .3 .  T h e  re su lts  in d ic a ted  sig n ifican tly  h ig h er a p o  A -I  c o n c e n tra t io n s  
fo llo w in g  b e za fib ra te  trea tm e n t, a t a ll p o stp ra n d ia l tim e p o in ts . T h ere  w a s  n o  re s p o n s e  
to  th e  te s t  m ea l and  le v e ls  w e re  fa ir ly  stab le  th ro u g h o u t th e  p o s tp ra n d ia l p e r io d . T h e  
p la sm a  to ta l ap o  B  c o n c e n tra tio n s  a re  sh o w n  in  T ab le  5 .b , in  A p p e n d ix  I V , an d  in  
F ig u re  5 .4 .  L e v e ls  w e re  u n ch a n g ed  fo llo w in g  b e za fib ra te  trea tm en t, again  w ith  a  fa ir ly  
s ta b le  t im e  c o u rse  p ro fi le .
5 .5 .4 .  P la s m a  G lu c o s e
P la sm a  g lu c o se  le v e ls  a re  sh o w n  in  T ab le  5 .c , in  A p p e n d ix  I V , an d  in  F ig u re  5 .5 .  
F o llo w in g  s ix  w e e k s  o f  b e z a fib ra te  trea tm en t, th e re  w a s  no s ig n ifica n t c h an g e  in  th e  1 2  
h r p o s tp ra n d ia l A U C . A lth o u g h  th e  p e a k  g lu c o se  le v e l  and  g lu c o se  v a lu e s  in  th e  f i r s t  5  
h r  o f  th e  m e a l w e re  a p p a re n tly  lo w e r  than  th o se  b e fo re  fib ra te  trea tm e n t, th e se  d id  n o t  
re a c h  s ta tis tic a l s ig n ifica n ce .
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Fig. 5.3 Postprandial plasma apo A-I responses in NIDDM
subjects after placebo and bezafibrate [mean +/- SEM, n=9]
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Fig. 5.5 Postprandial plasma glucose responses in NIDDM
subjects after placebo and bezafibrate [mean +/- SEM, n=9]
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5.5.5. Plasma NEFA
P la sm a  N E F A  le v e ls  a re  sh o w n  in  T a b le  5 ,d , in  A p p e n d ix  IV , an d  in  F ig u re  5 .6 .  
T h e p a tte rn  o f  th e  p o s tp ra n d ia l N E F A  re sp o n se  p ro file s  fo r  th e  p la c e b o  an d  fib ra te  
p h a se  w e r e  s im ila r. T h e  n o ta b le  d iffe re n c e  b e tw e e n  th e  p ro fi le s  a p p e a red  to  b e  th at th e  
fib ra te  tre a te d  g ro u p  had  v a lu e s  w h ich  w e re  a p p ro x im a te ly  h a lf  o f  th o se  in the  
u n tre a te d  p h ase . T h e  fa s tin g  an d  1 2  h r N E F A  A U C  w a s  s ig n ifica n tly  lo w e r  (p < 0 .0 5 ,  
in  b o th  c a se s)  fo llo w in g  fib ra te  trea tm en t.
5.5.6. P la s m a ,  T R L  a n d  I n f r a n a t a n t  C h o le s te r o l
T h e  p la sm a  c h o le s te ro l le v e ls  a re  sh o w n  in  T a b le  5 .e , in  A p p e n d ix  I V , an d  in  F ig u re  
5 .7 .  T h e  p o s tp ra n d ia l c h o le s te ro l p ro fi le  w a s  v irtu a lly  id en tica l in  b o th  a rm s o f  th e  
s tu d y . T h e  le v e ls  re m a in e d  s ta b le  th ro u g h o u t th e  1 2  h r  p o stp ra n d ia l p e r io d . H o w e v e r ,  
w h e n  th e  d is trib u tio n  o f  th e  c h o le s te ro l in th e  va r io u s  fra c tio n s  w e r e  an a ly se d , th e  
T R L -c h o le s te ro l le v e ls  w e re  re d u c e d  fo llo w in g  fib ra te  trea tm en t. T h e  A U C  fo r  T R L -  
c h o le s te ro l (F ig u re  5 .8 )  sh o w e d  a  s ig n ifican t re d u c tio n  (p < 0 .0 5 )  in  th e  1 2  h r A U C  
fo llo w in g  b e za fib ra te  trea tm en t. T he in fran a ta n t c h o le s te ro l A U C  w a s  n o t  s ta tis tica lly  
d iffe re n t. T R L  an d  in fra n a ta n t-c h o le s te ro l le v e ls  a re  illu s tra te d  in  F ig u res  5 .9  and  
5 .1 0 ,  r e s p e c t iv e ly  and  g iv e n  in  T ab le  5 .f ,  in  A p p e n d ix  IV .
5 .5 .7 .  P la s m a ,  T R L  a n d  I n f r a n a t a n t  T A G
T h e  tim e  c o u rse  p ro f i le  o f  p la sm a  T A G  is  illu s tra te d  in  F ig u re  5 . 1 1 ,  an d  v a lu e s  a re  
g iven  in  T a b le  5 .g , in  A p p e n d ix  IV . In g e n e ra l, th e  shape o f  th e  p o s tp ra n d ia l T A G  
p ro fi le  w a s  s im ila r in  b o th  stu d ies . F o llo w in g  p la ce b o  trea tm e n t, th e  m ean  (± S D )  
fa s tin g  p la sm a  T A G  le v e l w a s  2 .5 5  (± 1 .3 3 )  m m ol/L, ris in g  g ra d u a lly  to  a  p e a k  v a lu e  
o f  4 . 1 1  (±  2 .5 7 )  m m ol/L a t  th e  7  h r  tim e  p o in t. F o llo w in g  b e z a fib ra te , th e  fa stin g  
p la sm a  T A G  le v e l  w a s  1 .6 7  (±  0 .7 1 )  m m ol/L, an d  re a ch e d  a  p e a k  v a lu e  o f  2 .9 2  (±  
1 . 1 3 )  m m ol/L , a t  th e  6  h r tim e  p o in t. P lasm a  T A G  le v e ls  b egan  to  d e c lin e  g ra d u a lly  
a fte r  th e  6  h r  tim e  p o in t and  re a c h e d  b asa l le v e ls  a fte r  1 1  hr. O n ly  a s in g le  p e a k  w a s
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Fig. 5.9 Postprandial TRL-Cholesterol responses in NIDDM
subjects after placebo and bezafibrate [mean +/- SEM, n=9]
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n o te d  in  th e  tim e  c o u rse  p ro fi le s , b e fo re  an d  a f te r  b eza fib ra te  trea tm e n t. T h e  T A G -  
A U C  is sh o w n  in  F ig u re  5 . 1 2 .  T h ere  w a s  a  h ig h ly  sign ifican t (p < 0 .0 0 5 )  re d u c tio n  in 
th e  1 2  h r p la sm a  T A G  A U C  fo llo w in g  fib ra te  trea tm en t. H o w e v e r , w h e n  c o rre c tin g  
fo r  fa s tin g  v a lu e s  b y  m eans o f  th e  I A U C , th ere  w a s  no  sig n ifican t d iffe re n c e  b e tw e e n  
th e  tw o  g ro u p s .
T h e  T R L -T A G  tim e c o u rse  p ro fi le  is sh o w n  in  F igure  5 . 1 3  an d  v a lu e s  g ive n  in 
T a b le  5 .h , in A p p e n d ix  IV . In th e  p la ce b o  arm , th e  m ean  (± S D )  fa s tin g  T R L -T A G  
w a s  1 .0 8  (± 1 . 2 1 )  m m ol/L re p re se n tin g  4 2 %  o f  th e  to ta l p la sm a  v a lu e . T h ere  w a s  a  
s te a d y  in c re a se  to  re a ch  p e a k  le v e ls  o f  2 .2 3  (± 1 .7 5 )  m m ol/L, 5  h r a f te r  th e  m ea l. 
L e v e ls  re m a in ed  fa ir ly  c o n s ta n t until 7  h r and  d ec lin ed  fro m  then  o n w a rd s . F o llo w in g  
fib ra te  trea tm e n t, th e  m ean  fa s tin g  T R L -T A G  le v e l w a s  0 .4 7  (±  0 .3 5 )  m m ol/L, 
re p re se n tin g  2 8 %  o f  the  p la sm a  va lu e . T h e  T R L -T A G  p ro fi le  fo llo w in g  fib ra te  
tre a tm e n t s h o w e d  a  sm a lle r an d  b ro a d e r p e a k  b e tw een  2  and  7  h r  p o s tp ra n d ia lly , an d  
d e c re a s e d  to  re tu rn  to  fa s tin g  le v e ls  b y  th e  1 0  h r  tim e  p o in t. S ig n ific a n t re d u c tio n s  in  
T R L -T A G  A U C  (p < 0 .0 0 5 )  (F ig ure  5 . 1 2 )  as w e ll as th e  I A U C  (p < 0 .0 5 )  w e re  
n o te d  fo l lo w in g  b e z a fib ra te  trea tm en t (T ab le  5 .2 ) .
T h e  in fra n a ta n t-T A G , sh o w n  in F ig u re  5 . 1 4 ,  w ith  v a lu es  g iven  in T a b le  5 .h , in 
A p p e n d ix  I V , d isp la y ed  a  fa ir ly  c o n sta n t p o stp ra n d ia l p ro file . In  th e  p la c e b o  p h a se  o f  
th e  s tu d y , th e  m ean  fa s tin g  v a lu e  w a s  1 .4 6  (± 0 .6 1 )  m m ol/L, re p re se n tin g  5 7 %  o f  
p la sm a  T A G . L e v e ls  re m a in ed  fa i r ly  co n sta n t at ab o u t 1 .7 5  m m ol/L  f o r  th e  d u ra tio n  o f  
th e  s tu d y . A f t e r  b eza fib ra te , th e  m ean  fa s tin g  in fran a ta n t T A G  w a s  0 .9 8  (±  0 .2 4 )  
m m ol/L, re p re se n tin g  5 8 %  o f  th e  p la sm a  v a lu e , w ith  re la t iv e ly  c o n s ta n t p o s tp ra n d ia l 
v a lu e s . T h e  in fra n a ta n t T A G  A U C  w a s  s ig n ific a n tly  red u ced  a fte r  b e z a fib ra te  trea tm en t  
(p  <  0 .0 0 5 )  (F ig u re  5 . 1 2 ) .  T h e  in fra n a ta n t T A G  I A U C  w a s  n o t s ig n ifica n tly  d iffe re n t  
(T a b le  5 .2 ) .
5 .5 .8 .  P la s m a ,  T R L  a n d  I n f r a n a t a n t  A p o  B -4 8
T h e  tim e  c o u rse  p ro fi le  o f  p la sm a  apo B -4 8  is  sh o w n  in  F ig u re  5 . 1 5 ,  an d  th e  v a lu es  
g iv e n  in T a b le  5 . i ,  in  A p p e n d ix  I V . F o llo w in g  p la ceb o  trea tm e n t, th e  m ean  (±  S D )  
fa s tin g  a p o  B - 4 8  c o n c e n tra tio n  w a s  3 .5 0  (± 2 . 1 5 )  Mg/ml, r is in g  g ra d u a lly  to  p e a k  a t  
6 . 1 5  (±  2 .9 3 )  Mg/ml a t th e  4  h r  tim e  p o in t. L e v e ls  then  fe ll  s lig h tly , b u t g e n e ra lly
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Fig. 5.11 Postprandial plasma TAG responses in NIDDM
subjects after placebo and bezafibrate [mean +/- SEM, n=9]
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Fig. 5.13 Postprandial TRL-TAG responses in NIDDM subjects
after placebo and bezafibrate [mean +/- SEM, n=9]
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re m a in ed  a b o u t 4 .5  wg/ml until th e  9  h r  tim e p o in t an d  then b eg an  g ra d u a lly  to  d ec lin e . 
T h e fa s tin g  p la sm a  apo  B -4 8  le v e l  fo llo w in g  fib ra te  trea tm en t w a s  1 .8 9  (±  0 .5 3 )  Mg/ml; 
th is in c re a sed  to  a  p e a k  v a lu e  o f  3 .4 9  (± 1 .0 4 )  Mg/ml, a t 3  h r and  g ra d u a lly  d e c lin e d  to  
fa s tin g  le v e ls  b y  1 0  h r. T he ap o  B - 4 8 - A U C  is sh o w n  in F ig u re  5 . 1 6 .  T h ere  w a s  a  
h ig h ly  s ig n ifica n t (p  < 0 .0 0 5 )  re d u c tio n  in the  1 2  h r p lasm a ap o  B - 4 8  A U C  (F ig u re
5 .1 6 ) ,  w ith  s ig n ifica n t re d u c tio n  (p < 0 .0 5 )  in  IA U C , fo llo w in g  fib ra te  trea tm e n t (T ab le  
5 .2 ) .
T h e  T R L -a p o  B -4 8  tim e  co u rse  p ro fi le  is sh o w n  in  F igure  5 . 1 7 ,  an d  v a lu e s  g iv e n  in 
T a b le  5 .j ,  in  A p p e n d ix  IV . F o llo w in g  p la ceb o  trea tm en t, the  m ean  (±  S D )  fa s tin g  le v e l 
w a s  0 .8 8  (± 0 .9 6 )  Mg/ml, rep resen tin g  2 5 %  o f  th e  to ta l p la sm a  va lu e . T h ere  w a s  a 
sin g le  p e a k  o f  1 .8 6  (± 1 . 1 3 )  ug/ml a t 3  h r fo llo w e d  by a g ra d u a l d e c rea se  to  fa s tin g  
le v e ls  b y  1 1  h r. T h e  m ean  fa s tin g  T R L -a p o  B - 4 8  le v e l a fte r fib ra te  trea tm e n t w a s  0 .2  
(± 0 .0 9 )  wg/ml, re p resen tin g  1 3 %  o f  th e  p la sm a  va lu e . T h ere  w a s  a  g ra d u a l r ise  to  
p e a k  a t 0 .8 5  (±  0 .7 5 )  Mg/ml at 3  h r, fo llo w e d  b y  a  g rad u a l d ec lin e  to  fa s tin g  le v e ls  by  
th e  1 0  h r  tim e  p o in t. T h ere  w a s  an e x tre m e ly  s ign ifican t (p < 0 .0 0 5 )  re d u c tio n  in  th e  
1 2  h r  T R L  ap o  B - 4 8  A U C  (F ig ure  5 . 1 6 ) ,  w ith  sign ifican t re d u c tio n  (p  < 0 .0 5 )  in  
I A U C , fo l lo w in g  fib ra te  trea tm en t (T ab le  5 .2 ) .
T h e  in fra n a ta n t ap o  B - 4 8  tim e  c o u rse  p ro fi le  is sh ow n  in  F ig u re  5 . 1 8 ,  an d  th e  
v a lu e s  g iven  in  T ab le  5 .j ,  in  A p p e n d ix  IV . F o llo w in g  the p la ceb o  trea tm e n t, th e  m ean  
(±  S D ) fa s tin g  in fran a ta n t apo  B -4 8  c o n ce n tra tio n  w as 2 .7 9  (±  1 .7 8 )  Mg/ml, 
re p re se n tin g  7 8 %  o f  th e  p la sm a  v a lu e . L e ve ls  ro s e  g rad u a lly  to  a p e a k  v a lu e  o f  3 .6 8  
(± 2 .0 4 )  Mg/ml a t 3  h r. T h ere  w a s  a  tran sien t d e c rea se  in m ean co n c e n tra tio n s  b e tw e e n  
3  an d  6  h r, a f te r  w h ich  the  le v e ls  flu c tu a ted , b u t g en era lly  s tayed  in  th e  re g io n  o f  3 .3  
ug}m l. V a lu e s  h ad  n o t re tu rn e d  to  fa s tin g  le v e ls  b y  the end  o f  th e  s tu d y . F o llo w in g  
th e  fib ra te  trea tm e n t, th e  m ean  fa s tin g  v a lu e  o f  in fran a ta n t apo  B - 4 8  w a s  1 . 5 1  (±  0 .2 7 )  
Mg/ml, re p re se n tin g  8 3 %  o f  th e  p la sm a  va lu e . P o stp ra n d ia l le v e ls  w e re  c o n s ta n t, in  th e  
re g io n  o f  1 .9  Mg/ml. a t 3  h r, a f te r  w h ic h  th e re  w a s  a  g rad u a l d ec lin e  b ack  to  fa s tin g  
le v e ls  1 0  h r  a f te r  th e  m eal. T h ere  w a s  an e x tre m e ly  sign ifican t (p < 0 .0 0 5 )  re d u c tio n  in  
th e  1 2  h r  in fra n a ta n t ap o  B - 4 8  A U C  (F ig u re 5 .1 6 ) , h o w e v e r , w h e n  c o r re c te d  f o r  b asa l 
v a lu e s , th e re  w a s  no sig n ifican t d iffe ren c e  in  th e  I A U C  b e tw een  p la c e b o  an d  fib ra te  
trea tm e n t (T a b le  5 .2 ) .
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Fig. 5.15 Postprandial plasma apo B-48 responses in NIDDM
subjects after placebo and bezafibrate [mean +/- SEM, n=9]
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Fig. 5.17 Postprandial TRL apo B-48 responses in NIDDM
subjects after placebo and bezafibrate [mean +/- SEM, n=9]
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5.5.9. Plasma, TRL and Infranatant RP
T h e  tim e  co u rse  p ro fi le  o f  p la sm a  R P  is sh o w n  in  F igu re  5 . 1 9 ,  and  the v a lu e s  g iven  
in T a b le  5 .k , in A p p e n d ix  IV . R P  w a s  d e tec te d  in p la sm a fro m  1 h r a f te r  th e  m eal, 
fo llo w in g  p la c e b o  an d  fib ra te  trea tm en t. In the p la ceb o  arm , th e  m ean  (±  S D )  p la sm a  
R P  s h o w e d  a  p ro m in e n t e a r ly  r ise  to  p e a k  v a lu e  o f  8 .1 5  (± 2 .3 9 )  Mmol/L a t 4  h r, w ith  a 
su sta in ed  b ro a d  p e a k  until 7  h r a f te r  th e  m eal. L eve ls  then  d e c rea sed  o v e r  the  
fo llo w in g  5  h r. In th e  fib ra te  trea tm e n t a rm  o f  the  stu d y, th e  u p s tro k e  in  th e  p la sm a  
R P  w a s  m o re  g ra d u a l w ith  p e a k  p la sm a  v a lu es  o f  5 .9 8  ( ± 2 .5 8 )  Mmol/L, a c h ie ve d  a fte r  
7  h r. L e v e ls  b eg an  to  d e crea se  o v e r  th e  n e x t 5  h r, a lth ou gh  R P  w a s  still d e te c te d  in 
p la sm a  a t  th e  en d  o f  th e  1 2  h r s tu d y . T h e  R P  A U C  is sh o w n  in  F ig u re  5 .2 0 .  T h ere  
w a s  a  s ig n ifica n tly  (p < 0 .0 1 )  re d u c e d  1 2  h r A U C  in  p lasm a R P  fo llo w in g  b eza fib ra te  
trea tm e n t.
T h e  T R L -R P  tim e  c o u rse  p ro fi le  is sh o w n  in  F ig u re  5 .2 1  and  v a lu es  a re  g ive n  in 
T a b le  5 .1, in  A p p e n d ix  IV . In this fra c tio n , R P  w a s  again  d e tec te d  1 h r  a f te r  th e  m eal. 
In  th e  p la c e b o  p h ase , an e a r ly  p e a k  o f  6 .2 1  (± 2 .2 3 )  Mmol/L, w a s n o te d  4  h r  a f te r  the  
m eal, fo l lo w e d  b y  a  g ra d u a l d ec lin e . F o llo w in g  fib ra te  trea tm en t, th e  T R L -R P  
u p s tro k e  w a s  m o re  g ra d u a l w ith  a  m ean  p e a k  le v e l o f  4 . 1 1  (± 1 .2 3 )  Mmol/L re a c h e d  at 
th e  6  h r  tim e  p o in t. T his w a s  fo llo w e d  b y  a  sharp  d ecline  in le v e ls  fro m  th e  7  to  1 0  hr 
p o s tp ra n d ia l tim e  p o in t. T he d e c lin e  p h ase  in  the  la te r  p o stp ra n d ia l p e r io d  w a s  m o re  
ra p id  fo llo w in g  fib ra te  trea tm en t. A  sign ifican t red u ctio n  (p < 0 .0 5 )  w a s  n o te d  in  the  
A U C  o f  T R L -R P  w ith  f ib ra te  trea tm e n t (F ig ure  5 .2 0 ) .
T h e  tim e  c o u rse  p ro fi le  o f  th e  in fran a ta n t-R P  is sh o w n  in  F ig u re  5 .2 2  an d  va lu es  
g iv e n  in  T a b le  5.1, in  A p p e n d ix  IV . F o llo w in g  p la ce b o  trea tm en t, in fra n a ta n t-R P  w as  
f i r s t  d e te c te d  2  h r a fte r  th e  m ea l an d  th e  le v e ls  p e a k e d  at the  7  h r p o s tp ra n d ia l p o in t to  
a  m ean  v a lu e  o f  3 .3 0  (± 1 .4 9 )  Mmol/L, then  d ec rea sed  to  le v e ls  o f  a b o u t 2 .3 0  Mmol/L 
f ro m  8  to  1 0  h r and  fin a lly  sh o w e d  a  g ra d u a l d ec lin e  fro m  1 0  to  1 2  h r. F o llo w in g  
f ib ra te  trea tm e n t, th e re  w a s  a  m o re  g ra d u a l u p s tro k e  in  the  R P  p ro fi le , to  p e a k  a t  2 .2 5  
(± 0 .9 5 )  Mmol/L a fte r  8  h r  o f  the  m ea l. N o s ig n ifica n t d iffe re n c e  w a s  n o ted  in  th e  A U C  
o f  in fra n a ta n t-R P  (F ig u re  5 .2 0 ) .
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Fig. 5.19 Postprandial plasma RP responses in NIDDM
subjects after placebo and bezafibrate [mean +/- SEM, n=9]
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Fig. 5.21 Postprandial TRL-RP responses in NIDDM subjects
after placebo and bezafibrate [mean +/- SEM, n=9]
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5.5.10. AUC and IAUC of the Assayed Parameters
T h e re su lts  o f  th e  c o m p u ted  1 2  h r  A U C  and  the  I A U C  w h ich  c o r re c t  fo r  b ase lin e  
d iffe re n c e s  is sh o w n  in T ab le  5 .2 . A l l  th e  units o f  m ea su rem en t a re  g iv e n  an d  
s ig n ific a n t d iffe re n c e s  b e tw een  th e  p la ceb o  an d  fib ra te  trea tm en t a re  in d ica ted .
5 . 5 . 1 1 .  R e la t io n s h ip  b e tw e e n  F a s t in g  P la s m a  T A G  a n d  P o s t p r a n d ia l
R e s p o n s e s
T h e  c o rre la t io n  c o e ffic ie n t b e tw een  the fa stin g  p la sm a  T A G  c o n c e n tra tio n  and  th e  
p o s tp ra n d ia l T A G , a p o  B -4 8  an d  R P  re sp o n se s  in  p lasm a, T R L  an d  in fra n a ta n t  
f ra c tio n s  is  sh o w n  in  T ab le  5 .3 . T h ese  c o rre la tio n s  d em o n stra te  th a t h ig h ly  s ig n ifican t  
re la tio n sh ip s  e x is t  b e tw e e n  fa s tin g  p lasm a T A G  and  th e  p o stp ra n d ia l re sp o n se s  o f  C M  
m a rk ers .
5 . 5 . 1 2 .  P o s t - H e p a r in  L ip o p r o te in  L ip a s e  (L P L )  A c t iv i t y
T h e  b asa l, 5  an d  1 5  m in  p o st-h e p a rin  L P L  a c tiv ity  a fte r  p la ceb o  a n d  b e z a fib ra te  
trea tm en t is  sh o w n  in  F ig u re  5 .2 3 ,  w ith  in d iv id u a l v a lu es  in  T ab le  5 .4 . T h e  h e p a rin  w a s  
g iv e n  a t th e  e n d  o f  th e  p o s tp ra n d ia l stu d y , 1 2  h r a fte r  in g estio n  o f  th e  te s t  m e a l. T h e  
m ea n  (±  S D ) 1 5  m in  p o st-h e p arin  L P L  a c tiv ity  fo llo w in g  the  p la ce b o  an d  fib ra te  
tre a tm e n t w e r e  7 1 . 7  (±  4 0 .8 )  an d  1 4 9 .5  (± 7 3 .3 )  nmol/min/ml p la sm a, re s p e c tiv e ly .  
F ib ra te  trea tm en t re s u lte d  in  an  e x tre m e ly  s ig n ifica n t ( p  < 0 .0 0 5 )  in c re a se  in  L P L  
a c t iv ity  a t 15  m in  p o st-h ep arin .
5 . 5 . 1 3 .  R e la t io n s h ip  b e tw e e n  P la s m a  L P L  A c t iv i t y  a n d  P o s t p r a n d ia l  
R e s p o n s e s
T h e  c o rre la t io n  b e tw e e n  p osth ep arin  p la sm a  L P L  a c tiv ity  an d  th e  p o s tp ra n d ia l 
T A G , ap o  B - 4 8  an d  R P  re sp o n se s  in  p la sm a, T R L  an d  in fran a ta n t fra c tio n s  is  sh o w n  in  
T a b le  5 .5 .  S ig n ific a n t in v e rse  c o rre la tio n  b e tw e e n  L P L  an d  p o s tp ra n d ia l m a rk e rs  w a s  
d e m o n stra te d , p a r tic u la r ly  in  th e  T R L  fra c tio n . In the  in fran a ta n t, s ig n ifica n t
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B e z a fib ra te  s tu d y : A U C  an d  I A U C  m ean  (± S D ) fo r  a ssa y e d  p aram ete rs  fo l lo w in g  
p la c e b o  an d  b e z a fib ra te  trea tm en t
Table 5.2
N ID D M  
A F T E R  P L A C E B O
N ID D M  A F T E R  
B E Z A F I B R A T E
P la s m a
C h o le s te ro l - A U C  (m m ol/L .m in)  
T A G  - A U C  (m m ol/L .m in)
T A G  - I A U C  (m m ol/L .m in)
A p o  B - 4 8  - A U C  (Mg/ml.min) 
A p o  B - 4 8  - I A U C  (Mg/ml.min)
R P  - A U C  (Mmol/L.min)
3 6 7 2  ± 7 4 9  
2 5 2 5  ± 1 3 9 5  
6 9 0  ± 5 1 8  
3 6 9 6  ± 2 0 1 3  
1 1 7 5  ± 5 8 8  
3 9 5 7  ± 1 4 2 4
3 7 7 2  ± 1 2 1 4  
1 7 7 4  ± 7 0 2 * * *  
5 7 1  ± 3 7 2  
2 0 3 8  ± 4 2 5  * * *  
6 7 9  ± 2 7 8  * 
2 1 3 7  ± 9 0 0  * *
T R L  F r a c t io n
C h o le s te ro l - A U C  (m m ol/L .m in) 
T A G  - A U C  (m m ol/L .m in)  
T A G  - I A U C  (m m ol/L .m in) 
A p o  B - 4 8  - A U C  (Mg/ml.min) 
A p o  B - 4 8  - I A U C  (Mg/ml.min) 
R P  - A U C  (Mmol/L.min)
4 7 5  ± 4 3 0  
1 3 0 7  ± 1 1 1 5  
5 2 9  ± 2 7 4  
1 0 2 1  ± 7 7 4  
3 8 9  ± 1 5 7  
2 7 0 7  ± 1 0 2 3
2 5 7  ± 2 1 3  * * *  
6 0 5  ± 3 3 6 * * *  
2 6 7  ± 1 5 8  *  
3 8 8  ±  1 7 7  * * *  
2 4 1  ± 1 1 8  * 
1 3 9 4  ± 5 7 6 *
I n f r a n a t a n t
C h o le s te ro l - A U C  (m m ol/L .m in) 
T A G  - A U C  (m m o l/ L jn in )  
T A G  - I A U C  (m m ol/L .m in) 
A p o  B - 4 8  - A U C  (Mg/ml.min) 
A p o  B - 4 8  - I A U C  (Mg/ml.min) 
R P  - A U C  (Mmol/L.min)
2 8 1 7  ± 7 1 0  
1 2 8 5  ±  5 3 4  
2 3 3  ± 1 2 5  
2 4 4 5  ±  1 4 5 3  
4 4 0  ± 2 4 1  
1 1 6 2 ± 4 1 8
3 0 8 8  ± 7 8 8  
8 2 5  ± 2 0 8  * * *  
1 1 9  ± 4 8  
1 4 0 1  ± 2 3 3  * * *  
3 1 2 ±  1 3 1  
7 5 8  ± 3 0 4
* p  < 0 .0 5 ;  * *  p  < 0 .0 1 ;  * * *  p  < 0 .0 0 5  c o m p a re d  w ith  N ID D M  a fte r  p la c e b o  
trea tm e n t
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F i g .  5 . 2 3  T h e  5  a n d  1 5  m i n  p o s t - h e p a r i n  ( h e p )  L P L  a c t i v i t y  i n  
N I D D M  s u b j e c t s  a f t e r  p l a c e b o  a n d  b e z a f i b r a t e  [ m e a n  + / -  S E M ,  n = 9 ]  
2 0 0
*  =  p < 0 . 0 5
* * *  _  p < 0 . 0 0 5
* * *
5 min post-hep 15 min post-hep
B e z a f i b r a t e
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B e z a fib ra te  study:
Table 5.3
C o rre la tio n  b e tw e e n  fa s tin g  p la sm a  T A G  and  m ark ers  o f  th e  p o s tp ra n d ia l re sp o n se
N ID D M  S u b je c ts  fo llo w in g  p la ceb o  and b e za fib ra te  trea tm en t (n = 18 )
r P
P la s m a
T A G  - A U C 0 .9 5 0 .0 0 5
T A G  - IA U C 0 .6 2 0 .0 1
A p o  B - 4 8  -  A U C 0 .8 2 0 .0 0 5
A p o  B - 4 8  - I A U C 0 .8 4 0 .0 0 5
R P  - A U C 0 .8 6 0 .0 0 5
T R L
T A G  - A U C 0 .9 3 0 .0 0 5
T A G  - I A U C 0 .8 3 0 .0 0 5
A p o  B - 4 8  - A U C 0 .8 9 0 .0 0 5
A p o  B - 4 8  - I A U C 0 .6 6 0 .0 0 5
R P  - A U C 0 .8 8 0 .0 0 5
I n f r a n a t a n t
T A G  - A U C 0 .9 5 0 .0 0 5
T A G  - I A U C 0 .7 0 N S
A p o  B - 4 8  - A U C 0 .7 2 0 .0 5
A p o  B - 4 8  - I A U C 0 .4 0 N S
R P  - A U C 0 .4 5 N S
T a b le  5 .4
B e z a fib ra te  study:
B a s a l an d  p o st-h ep a rin  L P L  a c tiv ity  (n m ol oleate/m in/m l p la sm a) in  a l l  s tu d y  su b jects
P L A C E B O B E Z A F I B R A 1 rE
S u b je c t
N o.
B a sa l 5  m in  
p o st-h e p
1 5  m in  
p o st-h ep
B a sa l 5  m in  
p o st-h e p
1 5  m in  
p o s t-h e p
1 1 . 2 4 1 0 .9 7 2 1 . 9 1 0 .9 8 4 3 .2 3 1 1 5 . 3 8
2 0 .7 2 6 9 .7 5 7 8 .6 1 1 .6 8 7 1 .7 7 1 0 3 .0 6
3 0 .8 1 2 6 . 9 1 6 0 .5 3 0 .8 1 5 8 .2 1 1 5 3 .5 2
4 0 .9 5 3 3 .0 3 5 9 .2 4 2 .5 9 6 2 . 1 3 1 3 0 .4 5
5 0 .8 1 2 2 .5 0 4 4 .7 2 1 .3 2 1 0 7 ,6 3 6 5 . 1 2
6 1 .8 6 8 2 .2 3 1 0 1 . 7 4 0 .9 3 1 1 5 . 9 3 2 4 8 .2 9
7 4 .3 0 1 1 0 . 3 4 1 5 7 .7 0 0 .6 7 2 0 7 .3 3 2 7 9 .3 6
8 1 .4 1 6 1 . 4 0 8 5 .5 1 0 9 0 .8 5 1 7 2 .0 8
9 2 1 . 6 6 5 1 . 6 9 3 5 .5 8 2 6 .9 0 3 7 .7 0 7 8 .5 8
M E A N 3 .8 5 2 . 1 7 1 . 7 4 .0 8 8 .3 1 4 9 .5
S D 6 .8 3 2 . 1 4 0 .8 8 .6 5 2 .2 7 3 .3
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c o rre la t io n  w a s  n o te d  b e tw e e n  L P L  a c tiv ity  and T A G  A U C  and  I A U C , b u t n o t w ith  
th e  c o re  C M  p a rtic le  m a rk e rs  o f  apo  B - 4 8  and R P.
5 .5 . 1 4 .  T A G :  A p o  B - 4 8  a n d  R P : A p o  B - 4 8  A U C  R a t io  a s  a n  I n d e x  o f  C M  
S iz e
T h e  ra tio  o f  T A G  an d  R P  to  apo  B -4 8  in  p la sm a , T R L  an d  in fra n a ta n t fra c tio n s ,  
b e fo re  an d  a f te r  b e za fib ra te , is  sh o w n  in  T ab le  5 .6 . T h ese  ra tio s  g iv e  an  in d e x  o f  th e  
re la t iv e  s ize  o f  ap o  B -4 8  co n ta in in g  p artic les . In the  T R L  fra c tio n , s ig n if ic a n tly  lo w e r  
T A G : ap o  B - 4 8  an d  R P : ap o  B - 4 8  ra tio s  w e re  n o ted , su g g estin g  th a t th e  s iz e  o f  C M  
p a rtic le s  a re  re d u c e d  a fte r  b e z a fib ra te  trea tm en t. In  the  in fran a ta n t, ra tio s  b e fo re  an d  
a fte r  trea tm e n t w e re  s im ila r, su g g estin g  that b e za fib ra te  h as n o  e f fe c t  on  th e  s ize  o f  the  
C M -R .
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B e z a fib ra te  study:
Table 5.5
C o rre la tio n  b e tw e e n  p o st-h e p a rin  L P L  a c tiv ity  an d  m a rk ers  o f  the p o s tp ra n d ia l 
re sp o n se
N ID D M  S u b je c ts  fo lo w in g  p la ce b o  and b e za fib ra te  trea tm en t (n = 1 8 )
r .... . _ P
P la s m a
T A G  - A U C -0 .5 5 0 .0 5
T A G  - I A U C - 0 .2 1 N S
A p o  B - 4 8  - A U C - 0 .5 1 0 .0 5
A p o  B - 4 8  - I A U C - 0 .5 7 0 .0 5
R P  - A U C - 0 .5 5 0 .0 5
T R L
T A G  - A U C - 0 .5 5 0 .0 5
T A G  - I A U C - 0 .5 4 0 .0 5
A p o  B - 4 8  - A U C - 0 .5 8 0 .0 5
A p o  B -4 8  - I A U C - 0 .6 2 0 .0 1
R P  - A U C - 0 .6 0 0 .0 5
I n f r a n a t a n t
T A G  - A U C - 0 .7 1 0 .0 0 5
T A G  - I A U C - 0 .6 9 0 .0 0 5
A p o  B - 4 8  - A U C - 0 .4 5 N S
A p o  B - 4 8  - I A U C - 0 .2 3 N S
R P  - A U C - 0 .4 1 N S
T a b le  5 .6
B e z a fib ra te  s tu d y : M e a n  (± S D ) T A G  an d  R P  to  apo  B - 4 8  A U C  ra tio  in  p la sm a , T R L  
an d  in fra n a ta n t fra c tio n s , fo llo w in g  p la ceb o  and  b e za fib ra te  trea tm en t
P L A C E B O B E Z A F I B R A T E P
P la s m a
T A G : A p o  B - 4 8 0 .5 3  (±  0 .2 4 ) 0 .8 7  ( ± 0 .3 3 ) N S
R P : A p o  B - 4 8 1 .6 1  (± 0 .4 9 ) 1 .0 9  (± 0 .2 2 ) 0 .0 5
T R L
T A G : A p o  B - 4 8 1 .5 4  ( ± 0 .3 7 ) 1 .2 4  (± 0 .2 8 ) 0 .0 5
R P : A p o  B - 4 8 4 .7 2  (±  1 .2 9 ) 3 .2 5  (± 0 .6 6 ) 0 .0 5
I n f r a n a t a n t
T A G : A p o  B -4 8 0 .5 8  ( ± 0 .2 3 ) 0 .6 0  ( ± 0 . 1 5 ) N S
R P : A p o  B - 4 8 0 .5 8  (±  0 .2 3 ) 0 .5 5  ( ± 0 . 1 0 ) N S
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5.6 DISCUSSION
T his s tu d y  w a s  u n d ertak en  to  in vestig a te  the  e ffe c ts  o f  a  w e ll e sta b lish ed  lip id  
lo w e r in g  d ru g  on  th e  m etab o lism  o f  p o stp ran d ia l lip o p ro te in s  in  a g ro u p  o f  h yp e r-  
tr ig lyc e rid a e m ic  N ID D M  su b jects . T he k e y  find ings in  this s tu d y  a re  su m m arised  b e lo w . 
F o llo w in g  s ix  w e e k s  o f  b e z a fib ra te  trea tm en t, the  N ID D M  su b jects  d is p la y e d :
- m a rk e d ly  re d u c e d  fa s tin g  lip id  an d  lip o p ro te in  le v e ls , e x c e p t fo r  s ig n ifica n tly  in c re a se d  
fa s tin g  apo  A -I  le v e ls ,
- e x tre m e ly  s ig n ific a n t red u c tio n s  in  p o stp ra n d ia l p la sm a  T A G , ap o  B - 4 8  an d  R P  A U C ,
- a  d im in ish ed  p o s tp ra n d ia l re sp o n se  to  the  te s t m eal as m e a su red  b y  th e  I A U C  o f  T R L -  
T A G , apo  B - 4 8  an d  R P ,
- a  s ig n ific a n t d e c re a se  in  th e  A U C  o f  T R L -c h o les te ro l and
- an e x tre m e ly  s ig n ifica n t in c re a se  in  L P L  ac tiv ity .
In a d d itio n ,
-  s ig n ifica n t c o rre la t io n  b e tw e e n  L P L  a c tiv ity  and p o s tp ra n d ia l re sp o n se s  w e re  
d e m o n stra te d , p a r t ic u la r ly  in  the  T R L  fra c tio n  and
- s ig n ifica n t c o rre la t io n  b e tw e e n  fa s tin g  p la sm a  T A G  c o n c en tra tio n s  an d  th e  p o s tp ra n d ia l  
re sp o n se s  o f  T A G , apo  B - 4 8  an d  R P  w e re  fo u n d .
In th e  p re se n t s tu d y , b eza fib ra te  tea tm en t re d u c ed  ap o  B - 4 8  c o n c e n tra t io n s  in  th e  
fa s te d  s ta te  b y  4 6 % ,  7 7 %  and  4 5  % , in  p lasm a, T R L  and in ffa n ta n t fra c tio n s  re sp e c tiv e ly ;  
fa s tin g  T A G  le v e ls  fe l l  b y  3 4 .5 % , 5 6 %  and  3 2 %  in  p lasm a, T R L  an d  in fra n a ta n t fra c tio n s ,  
re s p e c tiv e ly . In  c o n c o rd a n c e  w ith  the  re su lts  o f  the p re se n t s tu d y , V in ik  &  C o lw e ll,  
( 1 9 9 3 ) ,  ex a m in ed  th e  e ffe c ts  o f  g em fib ro z il in  N ID D M  p atien ts  an d  fo u n d  th a t fa s tin g  
p la sm a  T A G  le v e ls  fe ll  b y  3 0 .4 %  (p < 0 .0 0 5 ) .  In th at la rg e , m u ltice n tre , d o u b le -b lin d  
s tu d y , m o re  th an  fo u r  h u n d red  N ID D M  su b jects  w e re  ra n d o m ly  a llo c a te d  to  p la c e b o  o r  
g e m fib ro z il trea tm e n t. A lth o u g h  lip id  p aram ete rs  sh o w  a  fa v o u ra b le  re s p o n s e , th e  c lin ica l 
re le v a n c e  o f  th e  ab ility  o f  fib ra tes  to  re d u c e  T A G  le v e ls  in  N ID D M  su b jects  is  n o t  
estab lish ed , an d  a w a its  p ro sp e c tiv e  tria ls w h ich  te s t th e  e ffe c ts  o f  fib ra te s  o n  the  
a th e ro s c le ro tic  p ro c e s s  in  N ID D M . T he re su lts  o f  th e  H elsink i H e art S tu d y  d id  s h o w  th a t
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g e m fib ro z il re d u c e d  ca rd ia c  e v e n ts  in  non -d iab etic  m id d le -a g e d  m en , w ith  
h y p e rtr ig ly c e r id a e m ic  su b jects  h a v in g  th e  m o st b e n e fit  (H uttunen e t  a l., 1 9 9 1 ) .
A  n u m b er o f  p re v io u s  stud ies h a v e  been  c a rried  o u t to  assess th e  e ffe c ts  o f  fib ra te s  on  
h yp erlip id a em ic , n o n -d iab etic  and  N ID D M  su b jects . S tu d ies  h a v e  fo c u se d  on  fa s tin g  lip id  
p ro fi le s  an d  th e re  is a  p a u c ity  o f  stud ies ad d ressin g  the  e ffe c ts  o f  th ese  d ru g s  on  
p o s tp ra n d ia l m etab o lism . T h e  p o stp ra n d ia l s ta te  is p a rticu la rly  r e le v a n t  in  th e se  stud ies  
as th e  p ro p o s e d  ac tio n  o f  fib ra te  d ru g s  includes en han cem en t o f  L P L  a c tiv ity  and  
in h ib itio n  o f  h ep a tic  V L D L  sec re tio n . N ID D M  subjects h a v e  a  th re e  to  fo u r  fo ld  
in c re a sed  r is k  o f  d e v e lo p in g  C A D , an d  P atsch  e t  al. ( 1 9 9 2 )  h a v e  su g g es te d  th a t a lth o u g h  
fa s tin g  T A G  le v e ls  per se a re  n o t  in d ep en d en t r isk  fa c to rs  fo r  C A D , th e re  is a  s ta tis tic a lly  
sig n ifican t, in d ep en d en t asso c ia tio n  b e tw e e n  th e  p o stp ra n d ia l T A G  re sp o n se  an d  C A D  
risk .
In th e  p re se n t s tu d y , the  p rin c ip a l fin d in g  w a s a m ark ed  re d u c tio n  in th e  p o s tp ra n d ia l  
lip aem ic  re sp o n se  fo llo w in g  b e za fib ra te  trea tm en t. B e z a fib ra te  re d u c e d  p la sm a, T R L  an d  
in fra n ta n t apo  B -4 8  A U C  b y  4 5 % , 6 2 %  an d  4 3 % , re sp e c tiv e ly . A l l  re d u c tio n s  w e re  h ig h ly  
s ig n ifica n t (p < 0 .0 0 5 ) .  T h e  p la sm a, T R L  and  in fran tan t ap o  B - 4 8  I A U C  w a s  re d u c e d  by  
4 2 %  (p < 0 .0 5 ) ,  3 8 %  (p < 0 .0 5 )  and  2 9  %  (N S), fo llo w in g  b e z a fib ra te  trea tm e n t. T h ere  
w e r e  s ig n ifica n t re d u c tio n s  in th e  1 2  h r p la sm a  T A G  A U C  (p < 0 .0 0 5 ) ,  T A G  I A U C  (p  < 
0 .0 5 )  and  R P  A U C  (p < 0 .0 1 ) .  T his is  c o n sisten t w ith  th e  fin d in g s o f  S y v a n n e  e t  al. 
( 1 9 9 3 )  w h o  fo u n d  re d u c tio n s  o f  3 2 %  (p  < 0 .0 5 )  in  p la sm a  T A G  I A U C , an d  3 4 %  (p < 
0 .0 1 )  in  R P  A U C  in  N ID D M  su b jects  fo llo w in g  trea tm en t w ith  g em fib ro z il. S im p so n  e t  
al. ( 1 9 9 0 )  stu d ied  a  g ro u p  o f  n o n -d iab etic  sub jects and in ad d itio n  to  a  s ig n ifica n tly  
re d u c e d  fa s tin g  p la sm a  T A G  co n c e n tra tio n , th ey  fo u n d  th a t fe n o fib ra te  trea tm e n t  
dim in ish ed  b oth  th e  p e a k  T A G  le v e l an d  s ig n ifican tly  (p  < 0 .0 1 )  re d u c e d  th e  p o s tp ra n d ia l 
T R L  (d  < 1 .0 0 6  g/ml fra c tio n ) , T A G  A U C .
In ad d itio n  to  its  e ffe c ts  on  T A G  m etab o lism  in  th e  p re se n t s tu d y , T R L -c h o le s te ro l  
w a s  s ig n ifica n tly  re d u c e d  fo llo w in g  b e za fib ra te  trea tm en t. A s  th e re  w a s  an  in c re a se  in 
in fra n a ta n t c h o le s te ro l, w ith  p la sm a  c h o le s te ro l v irtu a lly  u n ch an g ed , b e za fib ra te  tre a tm e n t  
a p p a re n tly  re s u lte d  in  a re -d is tr ib u tio n  o f  c h o le s te ro l fro m  T R L  to  th e  in fra n a ta n t fra c tio n . 
O n th e  assu m p tio n  th a t b eza fib ra te  trea tm en t d o e s  n o t a ffe c t c h o le s te ro l a b so rp tio n , it
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fo l lo w s  th a t th e  d e c re a se  in  T R L -c h o le s te ro l is a  re su lt o f  en h an ced  C M  p a r t ic le  h y d ro ly s is  
an d  th e re fo re  in c re a sed  p ro d u c tio n  o f  h igh er d en sity  C M  p ro d u c ts . A s  su g g e s te d  by  
P atsch  e t al. ( 1 9 8 7 ) ,  the  s tim u la tio n  o f  lip o ly s is  o f  the C M -T A G  c o re  re s u lts  in  a  sh rin k a g e  
in  th e  s ize  o f  th e  C M  w ith  o b lig a to ry  shedd ing  o f  su rface  m a te ria l, an d  w ith  H D L  ac tin g  as 
a  s c a v e n g e r p a rtic le , p ick in g  up c h o le s te ro l, am on g  o th e r m o ie ties . T h is is a p o ss ib le  
e x p la n a tio n  f o r  the  o b se rv e d  e le v a tio n  in  H D L -C  a sso c ia ted  w ith  fib ra te  tre a tm e n t (V in ik  
&  C o lw e ll , 1 9 9 3 ) .  A n  ad d itio n a l m ech an ism , as p ro p o se d  b y  T ask in en  &  K u u s i ( 1 9 8 6 ) ,  is 
th a t fib ra te s , b y  red u c in g  c ircu la tin g  C M -T A G , dim inish C E T P -m e d ia ted  tra n s fe r  o f  
H D L -C  f o r  C M -T A G , th e re b y  in creasin g  the  le v e l o f  c h o le s te ro l a s so c ia te d  w ith  H D L . 
In  th e  p re se n t s tu d y  H D L  le v e ls  w e re  n o t m easu red . H o w e v e r , a p o  A -I , th e  in te g ra l 
a p o p ro te in  o f  H D L , w a s  fo u n d  to b e  s ig n ifica n tly  e le v a te d  fo llo w in g  b e z a fib ra te  trea tm en t.
T h e  m ain  m ech an ism  b y  w h ich  b eza fib ra te  red u ces  the p o stp ra n d ia l lip aem ic  re sp o n se  
is  th o u g h t to  be  d u e  to  th e  a b ility  o f  th e  f ib ra te  d ru gs to  ra ise  L P L  a c tiv ity . In th e  p re se n t  
s tu d y , a  h ig h ly  s ig n ifica n t (p < 0 .0 0 5 )  d o u b lin g  in  L P L  a c tiv ity  w a s  n o ted  a f te r  b e z a fib ra te  
trea tm e n t. T h is is c o n s is te n t w ith  th e  k n o w n  s tim u la to ry  ac tio n  o f  fib ra te s  o n  L P L  a c tiv ity  
(M o n k  &  T o d d , 1 9 8 7 ) .  T h e  m echan ism  b y  w h ich  fib rates  in crease  L P L  a c tiv ity  is n o t  
e stab lish ed . In  th e  p re se n t s tu d y , th e  su b jects  u n d erw en t ad ip o se  tissue  b io p sies  fo llo w in g  
e a ch  p o s tp ra n d ia l s tu d y  d ay . T his w a s  d o n e  to  in vestig a te  the  e ffe c ts  o f  b e z a fib ra te  on  
L P L  g e n e  tra n scrip tio n  b y  th e  q u an tifica tio n  o f  L P L  m essen g er R N A  b y  a n o th e r  
in v e s tig a to r . U n fo rtu n a te ly , th ese  re su lts  a re  n o t ava ilab le  d u e  to  d iff ic u lty  in  sam p le  
p ro c e ss in g . A p o  C I I  is the  e ssen tia l a c t iv a to r  o f  L P L  (P o sn er e t  a l., 1 9 8 3 )  an d  a p o  C  III 
seem s to  m o d u la te  e n z y m e  a c tiv ity  (B ro w n  &  B a g in sk y , 1 9 7 2 ) .  F ran cesch in i e t  a l. ( 1 9 8 5 )  
d e sc r ib e d  an in crease  in  th e  ra tio  o f  apo  C  II to  ap o  C  III in  V L D L  o f  
h y p e rtr ig ly c e iid a e m ic  su b jects  trea ted  w ith  fen o fib ra te . H o w e v e r , ap o  C  II an d  C  III w e re  
n o t m e a su red  in  th e  p re se n t stu d y.
In the  p re se n t s tu d y , th ere  w e re  s ig n ifican t co rre la tio n s  b e tw e e n  L P L  a c tiv ity  and  
p la sm a - T A G  A U C , ap o  B - 4 8  A U C , ap o  B - 4 8  IA U C  and R P  A U C ; b u t n o t w ith  p la sm a  
T A G  I A U C . S y v a n n e  e t  al. ( 1 9 9 3 )  fo u n d  no  sign ifican t c o rre la tio n  b e tw e e n  L P L  a c tiv ity  
an d  any p o s tp ra n d ia l lip aem ic  m easu re . T h ey  co n c lu d ed  th a t re la tio n s  b e tw e e n  
p o stp ra n d ia l lip aem ia  and  L P L  a re  d isru p ted  in  N ID D M . B ru n z e ll e t  a l. ( 1 9 7 5 )  su g g es t
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th a t, in  g e n era l, th e  m o re  se v e re  th e  insu lin  d e fic ien cy  o r  re s is ta n c e , the  g re a te r  th e  
lik e lih o o d  th a t d ecrea ses  in L P L  a c tiv ity , as o p p o sed  to  in creases  in V L D L  syn th esis, 
c o n tr ib u te  to  the  h yp e rtrig lyce rid a em ia . It is p o ss ib le  th a t d iffe ren ces  in  th e  se v e r ity  o f  
th e  d iab e tic  sta te  b e tw e e n  the  su b jects  o f  the  p re se n t stu d y  and th o se  o f  S y v a n n e  e t  al. 
( 1 9 9 3 ) ,  c o u ld  a c c o u n t fo r  the  d iffe r in g  con c lu sio n s a b o u t the  m ech an ism  o f  ac tio n  o f  
fib ra te s  in  N ID D M .
A  sig n ifican t n e g a tive  c o rre la t io n  w a s  n o te d  b e tw een  L P L  a c tiv ity  and  T R L -T A G ,  
T R L -a p o  B -4 8  and T R L -R P . T his c lo se  c o rre la t io n  w a s  less s tro n g  in th e  in fra n a ta n t  
fra c tio n . T h ese  find ings a re  in lin e  w ith  c u rre n t co n cep ts  that, in th e  T R L  fra c tio n , C M  
c le a ra n c e  is  d ep en d en t on  in itia l h y d ro lys is  o f  T A G , w h ich  is v ir tu a lly  e n tire ly  d ep en d en t  
o n  L P L  a c tiv ity . In th e  in fra n a ta n t fra c tio n , th e re  w a s  n o  c o rre la t io n  b e tw e e n  C M -R  
c le a ra n c e  (as in d ica ted  b y  ap o  B - 4 8  and  R P  A U C s )  and  L P L  a c tiv ity . T his o b se rv a tio n  
su g g es ts  th a t L P L  is n o t in v o lv e d  in  th e  c le a ra n ce  o f  th e  sm a lle r and  d e n se r C M -R . T h e  
fin d in g s  o f  th e  p re se n t stu d y  s u p p o rt th o se  o f  P atsch  e t  al. ( 1 9 8 7 )  an d  W e in tra u b  e t  al. 
( 1 9 8 7 b ) .  T h ese  g ro u p s fo u n d  sig n ifica n t in ve rse  c o rre la tio n s  b e tw een  H L  and  R P  in  the  
n o n -c h y lo m ic ro n  fra c tio n , su g g estin g  th a t th e  h epatic  en zym e  p la ys  a  ro le  in  th e  re m o v a l 
p ro c e s s  o f  C M -R .
T h e  re su lts  o f  th e  p re se n t s tu d y  su p p o rt the  c o n c lu sio n  th a t in c re a se d  C M -T A G  
h y d ro ly s is  is an im p o rta n t fe a tu re  in  th e  en h an ced  c lea ra n ce  o f  C M  fo llo w in g  b eza fib ra te  
trea tm e n t. In  th e  T R L  fra c tio n , T A G , ap o  B - 4 8  an d  R P  A U C  w e re  s ig n ifica n tly  re d u c ed , 
an d  th e se  d iffe ren ces  p e rs is ted  a f te r  ad ju stin g  f o r  fastin g  v a lu e s , b y  c o m p u tin g  th e  IA U C .  
In ad d itio n , the  T R L  T A G : apo  B - 4 8  an d  th e  T R L  R P : ap o  B - 4 8  ra tio s  a re  both  
s ig n ifica n tly  lo w e r  a f te r  b eza fib ra te  trea tm en t. T h ese  find ings a re  c o n s is ten t w ith  th e  
h y p o th e s is  th a t b eza fib ra te  trea tm e n t re su lts  in  a  red u c tio n  in  C M  size , as in d ica ted  b y  th e  
T A G  an d  R P  (re fle c tin g  th e  c h o le s te ro l e s te r  con ten t) p e r  C M .
In th e  in fran a ta n t, no  sig n ifican t d iffe ren c e  w a s  fo u n d  in  th e  ap o  B -4 8  I A U C , an d  th e  
R P  A U C . A ls o ,  the  T A G : apo  B - 4 8  an d  th e  R P : apo  B -4 8  ra tio s  a re  a lm o s t  id e n tic a l, an d  
n o t  s ig n ifica n tly  sm a lle r, a fte r  b e z a fib ra te  trea tm en t. A s  th e  m a jo rity  o f  C M -R  a re  fo u n d  
in  th e  in fra n a ta n t fra c tio n , th ese  re su lts  su p p o rt th e  co n ten tio n  th a t p o s tp ra n d ia lly , C M -R  
s ize  a n d  c o m p o sitio n  is n o t s ig n ifica n tly  a lte re d  b y  b eza fib ra te  trea tm en t. A s  th e  a b so lu te
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a p o  B - 4 8  A U C  in th e  in fran a ta n t fra c tio n  is sign ifican tly  re d u c e d  (p < 0 .0 0 5 )  a f te r  
b e z a fib ra te  trea tm e n t, it  is rea so n a b le  to  co n c lu d e  th at en han ced  C M -R  re m o v a l f ro m  
c irc u la tio n  is  the d o m in an t o p e ra tiv e  m ech an ism .
T h e  m ech an ism  b y  w h ich  b eza fib ra te  trea tm en t enhances C M -R  c le a ra n c e  is  u n c lea r. 
O n e fe a s ib le  m ech an ism  th a t m a y  u n d erlie  the  red u c tio n  o f  C M -R  a f te r  b e z a fib ra te  
tre a tm e n t is th e  d e c rea sed  co m p etitio n  fo r  ca tab o lism  fro m  h e p a tic -d e riv e d  lip o p ro te in s .  
G ru n d y  &  V e g a  ( 1 9 8 7 )  su g g ested  th a t fib rates m ed iate  th e ir e ffe c ts  b y  re d u c in g  h ep a tic  
V L D L -T A G  (se co n d a ry  to  a red u c tio n  in c ircu la tin g  N E F A ) as w e ll as b y  p ro m o tin g  th e  
h y d ro ly s is  o f  V L D L -T A G . In th e  p re se n t stu d y , fastin g  and p o s tp ra n d ia l N E F A  le v e ls  
w e re  s ig n ifica n tly  re d u c e d  fo llo w in g  b eza fib ra te  trea tm en t. C h en  e t  al. ( 1 9 9 3 )  h a v e  
su g g es te d  th at, in ad d itio n  to  co m p etitio n  fo r  lip o lys is , th e re  m a y  be c o m p etitio n  a t  th e  
re c e p to r-m e d ia te d  re m o v a l stage. T he red u c tio n  o f  V L D L -T A G  b y  b e z a fib ra te  c o u ld  
p o ss ib ly  le a v e  m o re  s ites a va ilab le  f o r  th e  p ro c ess in g  and  re m o v a l o f  C M -R . S ta e ls  e t  al. 
( 1 9 9 2 )  h a v e  sh o w n  th a t fib ra tes  h a v e  a w id e  a rra y  o f  ac tio n s, in c lu d in g  s tim u la tio n  o f  th e  
e x p re ss io n  o f  se v e ra l a p o p ro te in  g en es. S p e c u la tiv e ly , the  gene fo r  th e  p u ta t iv e  h ep a tic  
re m n a n t re c e p to r  m a y  be in d u ced  b y  b eza fib ra te  trea tm en t. It is n o t k n o w n  w h e th e r  
b e z a fib ra te  im p ro v e s  th e  hepatic  u p ta k e  o f  C M -R . S h ep h e rd  e t  al. ( 1 9 8 5 )  su g g es te d  th a t  
C M -R  re m o v a l c o u ld  a lso  be a c c e le ra te d  th ro u g h  the  apo  E re c e p to r  (in  ad d itio n  to  th e  
re m n a n t re c e p to r ) , as c lo fib ra te  is sh o w n  to  im p ro v e  lip aem ia  in  co n d itio n s  o f  m a lfu n c tio n  
o f  a p o  E in te ra c tio n  w ith  its re c e p to r , as seen  in  typ e  III h yp erlip id a em ic  su b jects . T his  
c o u ld  p o ss ib ly  b e  d u e  to  d e c rea se d  apo  C  III le v e ls  b y  fib ra te  trea tm e n t, as th ese  
a p o lip o p ro te in s  in h ib it rem n a n t re m o v a l.
T h e  e x a c t  s tag e  w h e n  C M  b eco m e  rem nan ts  is n o t k n o w n , and  th e re  a re  no  d e fin ed  
m eth o d s  c u rre n tly  ava ilab le  to  sep a ra te  th e  tw o . In  the p re se n t in v es tig a tio n , as w ith  th e  
p re v io u s  s tu d ies , i t  w a s  d ec id ed  th a t th e  p ro to c o l o f  G ru n d y  &  M o k  ( 1 9 7 6 ) ,  w o u ld  be  
fo llo w e d . T his in v o lv e d  o v e r la y in g  p la sm a  w ith  saline  o f  d en s ity  1 . 0 0 6  g/ml, to  p ro d u c e  a  
p re d o m in a n tly  C M -e n ric h e d  T R L  fra c tio n , as sep a ra ted  fro m  a p re d o m in a n tly  sm a lle r an d  
d e n se r C M -R  p o p u la tio n  in th e  in fran atan t. A d m itte d ly , th ese  a re  o p e ra tio n a l d e fin itio n s  
an d  d o  n o t  s tr ic t ly  c o rre sp o n d  to  C M  and  C M -R  p artic le  fra c tio n s . H o w e v e r , th e  re su lts
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f r o m  th e  p re se n t s tu d y  d o  ten d  to  su g g est th at frac tio n a tio n  o f  p la sm a  in  th is m a n n er is 
sa tis fa c to ry , as th e  m e ta b o lic  b e h a v io u r o f  C M  in  th e  tw o  fra c tio n s  ap p ears  to b e  d i f fe r e n t
S im p so n  e t  al. ( 1 9 9 0 )  su g g est th a t im p ro v e d  ex o g en o u s  fa t  c le a ra n ce  a f te r  fib ra te  
tre a tm e n t re su lts  fro m  th e  s tim u la tion  o f  C M  h y d ro lys is  and/or in c re a sed  c le a ra n ce  o f  C M  
p a rtic le s . In th a t s tu d y , th e  o b se rv a tio n  th a t th e  p o stp ra n d ia l R P  le v e ls  w e re  n o t  
s ig n ifica n tly  re d u c e d , m ad e  ac c e le ra te d  c lea ra n ce  o f  C M -R  u n lik e ly , an d  su g g este d  th a t  
C M -T A G  h y d ro ly s is  w a s  th e  p rim a ry  o p e ra tiv e  m echanism . T he fin d in g s o f  S y v a n n e  e t  
al. ( 1 9 9 3 )  h o w e v e r , su g g est the  o p p o s ite , i.e . th a t the  p rim ary  m o d e  o f  ac tio n  o f  fib ra tes  
o n  C M  is  an en h a n ce d  c le a ra n ce  o f  C M -R , and n o t C M -T A G  h y d ro ly s is . In  th e ir  s tu d y  on  
N ID D M  su b jects , a lth o u g h  th e re  w a s  an  in crease  o f  1 7 %  in  L P L  a c tiv ity  a f te r  g em fib ro z il 
tre a tm e n t, th is w a s  n o t s ta tis tica lly  sign ifican t. In ad d itio n , th e y  fo u n d  n o  c o rre la t io n  
b e tw e e n  th e  ch an g es in  L P L  in crem en t an d  ch an ges in p o stp ra n d ia l lip id  re sp o n se s . T h ey  
a lso  fo u n d  an  u n ch an g ed  T A G : R P  ra t io , b e fo re  and  a fte r  fib ra te  trea tm e n t, an d  a rg u ed  
th a t m ech an is tica lly , th is w a s  ag a in st sig n ifican t en han cem en t o f  L P L -m ed ia ted  C M -T A G  
h y d ro ly s is . In th e  stu d y  b y  S im p so n  e t  al. ( 1 9 9 0 ) ,  th e  s tu d y  su b jects  w e r e  n o n -d iab e tics , 
w ith  a  m ean  fa s tin g  T A G  o f  ab o u t 2 .3  m m ol/L, and  th ey  w e re  s tu d ied  b e fo re  an d  a f te r  8  
w e e k s  o f  fe n o fib ra te  trea tm en t.
S y v a n n e  e t  a l. ( 1 9 9 3 )  o n  th e  o th e r h a n d  stu d ied  the  e ffe c ts  o f  1 2  w e e k s  o f  g e m fib ro z il 
tre a tm e n t in  a  g ro u p  o f  N ID D M  su b jects . It is u n c lea r to  w h a t e x te n t, i f  a n y , th ese  
d iffe ren c e s  in  s tu d y  co n d itio n s  and su b jects , co n trib u te  to  the  d iffe re n t c o n c lu s io n s  fro m  
th e se  s tu d ies . In  a d d itio n , th e  basis o f  th ese  con c lu sion s d epen d s on  th e  assu m p tio n  th a t  
in te stin a l fa t  a b so rp tio n  is  s im ila r in  d iab e tics  an d  n o n -d iab etics , and  th a t i t  is  n o t m o d ified  
b y  fib ra te  trea tm e n t. A s  d iscu ssed  in  the  p re v io u s  ch ap te r, th e re  is a  p o ss ib ility  th a t  
in testin a l C M  in N ID D M  su b jects m ay  be c h o le s te ro l en riched . In ad d itio n , in  th e  a b o v e  
stu d ies , th e  b asis  fo r  a ssessm en t o f  C M  p a rtic le  in d ex  w a s  th e  R P  A U C . A lth o u g h  R P  has  
b een  e x te n s iv e ly  u sed  to  la b e l C M , th e re  is no e v id e n ce  th a t th e  n u m b e r o f  R P  
in c o rp o ra te d  p e r  C M  is  con stan t.
P re v io u s  stu d ies w h ic h  h a v e  d e m o n stra te d  a  c o rre la tio n  b e tw e e n  fa s tin g  T A G  and  
p o s tp ra n d ia l lip aem ic  re sp o n se  a re  lim ited  in th a t the C M -T A G  an d  R P  m ea su rem en ts  
m a d e, r e f le c t  th e  lip id  m o ie ty  o f  th ese  in te stin a lly -d e rive d  p a rtic les . T h e  p re se n t stu d y
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e x te n d s  th e  fin d in g s o f  p re v io u s  studies b y  d em o nstra tin g  th a t th e re  is a  c lo se  c o rre la t io n  
b e tw e e n  fa s tin g  T A G  an d  th e  apo  B -4 8  A U C . This is a  d ire c t re f le c tio n  o f  p a rtic le  
n u m b e r a n d  su g g ests  th at the  fa s tin g  T A G  le v e l  is a stro n g  m a rk e r o f  C M / C M -R  c le a ra n c e  
f r o m  c irc u la tio n , su b jects  w ith  h igh fa stin g  T A G  h avin g  d e la y e d  c le a ra n c e  o f  C M . It is  n o t  
p o s s ib le  to  te ll w h e th e r this d e lay  is d u e  to  d e fe c tiv e  T A G  h y d ro ly s is  o r  w h e th e r  it  
re f le c ts  c o m p etitio n  b e tw e e n  ab so rb ed  e x o g e n o u s  lip id  and T A G  o f  e n d o g e n o u s  o rig in . 
R e g a rd le ss  o f  m ech an ism , it  is o b v io u s  th a t th e  m agnitude o f  the  p o s tp ra n d ia l re sp o n se  o f  
C M  is in c re a se d  in  d iab etic  su b jects  w ith  h igh  fa s tin g  T A G  le v e ls .
T h e  c o rre la t io n s  b e tw e e n  fastin g  p la sm a  T A G  c o n cen tra tio n s  an d  th e  p o s tp ra n d ia l 
re s p o n s e s  o f  T A G , ap o  B - 4 8  an d  R P  are  sh o w n  in T ab le  5 .3 , and d e m o n stra te  th a t h ig h ly  
s ig n ifica n t re la tio n sh ip s  ex ists  b e tw e en  th ese  p aram ete rs . S im ila r  c o rre la t io n s  b e tw e e n  
fa s tin g  T A G  le v e ls  an d  th e  p o stp ra n d ia l lip aem ic  re sp o n se  h a v e  p re v io u s ly  b een  d esc rib ed , 
f o r  v a r io u s  su b jec t g ro u p s. G ru n d y  &  M o k  ( 1 9 7 6 )  re p o rte d  d e la y e d  C M -T A G  c le a ra n ce  
in  a  g ro u p  o f  su b jects  w ith  fa stin g  h yp ertrig lycerid a em ia . C o h n  e t  al. ( 1 9 8 8 a )  fo u n d  a  
h ig h ly  s ig n ifica n t p o s it iv e  c o rre la tio n  b e tw e e n  fastin g  p la sm a  T A G  c o n c e n tra tio n s  an d  th e  
to ta l T A G  A U C  in  h ea lth y  su b jects  o f  d iffe rin g  ages g ro u p s. In ad d itio n , G r o o t  e t  al. 
( 1 9 9 1 )  fo u n d  a  m o d e ra te  bu t s ig n ifican tly  c o rre la te d  fa s tin g  p la sm a  T A G  a n d  th e  
p o s tp ra n d ia l p la sm a  R P  A U C  in n o rm o trig lyce rid aem ic  su b jects . W e in tra u b  e t  al. 
( 1 9 8 7 a )  a lso  re p o rte d  a  m o d e ra te ly  tig h t co rre la tio n  b e tw e e n  fa s tin g  T A G  an d  
p o s tp ra n d ia l R P  A U C  in h yp e rtrig lycerid a em ic , n on -d iab etic  su b jects . T h ese  c lo se  
re la tio n sh ip s  b e tw e e n  fa s tin g  T A G  and th e  p o stp ra n d ia l re sp o n se  h a v e  a lso  b een  d e sc r ib e d  
in  th e  d iab e tic  sta te . S y v a n n e  e t  al. ( 1 9 9 3 ) ,  f o r  exam p le , re p o rte d  th e  h ig h ly  s ig n ifica n t 
c o rre la t io n  b e tw e e n  fa s tin g  T A G  and  the  p o stp ran d ia l p la sm a  T A G  A U C  (r  = 0 .9 6 ;  p  <
0 .0 0 1 ) ,  and  b e tw e e n  fa s tin g  T A G  and p la sm a  R P  A U C  (r = 0 .6 3 ; p  < 0 .0 1 )  in a  s tu d y  
in v o lv in g  tw e n ty  N ID D M  su b jects.
In s o fa r  as th e  in crem en ta l A U C  is co n c e rn e d , th e re  h a v e  b een  c o n flic tin g  re p o rts .  
P a tsc h  e t  al. ( 1 9 8 3 ) ,  C o h n  e t  a l ( 1 9 8 8 a )  an d  G ro o t  e t  al. ( 1 9 9 1 ) ,  h a v e  a ll re p o r te d  
s ig n ifica n t c o rre la t io n  b e tw een  fa s tin g  T A G  and  th e  p o stp ra n d ia l T A G  I A U C , in  n o n ­
d ia b e tic  su b jects . L e w is  e t  a l. ( 1 9 9 1 ) ,  e x te n d e d  th ese  find ings b y  re p o rtin g  a  s ig n ifica n t  
c o rre la t io n  b e tw e e n  fa s tin g  T A G  an d  p o s tp ra n d ia l T A G  IA U C  in  n o rm o trig lyc e rid a e m ic
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as w e ll  as h y p e rtrig ly c e rid a e m ic  N ID D M  sub jects. H o w e v e r , in c o n tra s t  to  bo th  th is , and  
to  th e  fin d in g s  o f  o u r  s tu d y , S y v a n n e  e t  al. ( 1 9 9 3 ) ,  o b se rv e d  n o  c o rre la t io n  b e tw e e n  
fa s tin g  T A G  and  the  in crem en ta l T A G  resp o n se . T his d isc rep a n cy  is p ro b a b ly  a  re s u lt  
o f  d iffe re n c e s  in  bo th  s tu d y  p o p u la tio n  an d  test m e a l g iven .
F in a lly , it  is im p o rta n t to  re c o g n ise  so m e o f  th e  lim ita tion s in the  d esig n  o f  this stu d y. 
A s  an in te rv e n tio n  s tu d y , i t  w o u ld  h a v e  been  p re fe ra b le  i f  i t  h ad  b een  a  d o u b le -b lin d , 
p la c e b o  c ro ss  design . T ria ls  o f  this n a tu re  re q u ire  fin ancia l an d  lo g is t ic  su p p o rt, an d  are  
fre q u e n tly  fu n d e d  b y  th e  p h arm a ceu tica l in d u stry . In th e  p re se n t s tu d y , h o w e v e r , th is w as  
n o t th e  s itu atio n . N eve rth e le ss , w e  a c k n o w led g e  B o e h rin g e r M a n n h e im  L td ., f o r  su p p ly in g  
th e  a c tiv e  d ru g  and p la ce b o  in u n lab e lled , sea led  co n ta in ers  fo r  use  in th is s tu d y  an d  fo r  
to k en  p a y m e n ts  to  th e  su b jects  in v o lv e d .
T h e  u su a l m o d e  o f  trea tm en t to  a c h ie ve  g lycaem ic  c o n tro l in d iab e tes  in c lu d es  d ie ta ry  
re s tr ic tio n , o ra l su lp h o n y lu rea s, and  insu lin  in jectio n s. It w o u ld  h a v e  b een  u se fu l to  lo o k  
a t d iffe ren c e s  in lip aem ic  re sp o n se  b a se d  on  the  m o d e  o f  trea tm e n t o f  h yp e rg lyca em ia . 
U n fo rtu n a te ly , b ecau se  o f  the  in ten s ive  n atu re  o f  th e  stu d y , th e  n u m b er o f  stu d y  su b jects  
in v o lv e d  w a s  n e ce ssa rily  sm all, m ak in g  it  u n feasib le  to  su b d iv id e  th e m  in to  trea tm e n t  
g ro u p s .
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5.7. CONCLUSION
In c o n c lu s io n , th e  re su lts  o f  the  p re se n t study su p p o rt the  h yp o th es is  th a t in  N ID D M  
su b je c ts , th e re  is a d e fe c t in T A G  m eta b o lism  w h ich  m ay p re d isp o se  to  an in c re a se d  r isk  
o f  C H D . R esu lts  f ro m  the  stu d ies d e sc rib e d  in  these  la s t tw o  ch ap te rs  su g g est th a t th e re  is 
a lte re d  C M  m eta b o lism  in  N ID D M  su b jects , and th at C M  are  n o t as e f fe c t iv e ly  c le a re d  
f r o m  c irc u la tio n  w h en  co m p a re d  to  n on -d iab etic  c o n tro ls . T h e  p re s e n t s tu d y  has a lso  
sh o w n  th a t fa s tin g  T A G  le v e ls  in N ID D M  su b jects a re  c lo se ly  c o r re la te d  to  th e  e x te n t  o f  
th e  p o s tp ra n d ia l lip aem ic  re sp o n se . F ib ra te  d rugs a re  sh ow n  to  be  e ffe c tiv e  in  red u c in g  
fa s tin g  T A G  le v e ls  an d  im p o rta n tly , in  red u c in g  the in testin a l c o m p o n e n t o f  the  
p o s tp ra n d ia l re sp o n se . T h ese  fin d in g s, to g e th e r w ith  o th e r w e ll-e s ta b lish e d  ac tio n s  o f  
fib ra te s , su g g est th a t th e  u se  o f  this c lass  o f  lip id  lo w e rin g  ag en ts , is p o te n tia lly  an ti- 
a th e ro sc le ro tic  in N ID D M . T o  d ate , th e re  h a v e  been  no re p o rts  o f  p ro s p e c tiv e  stu d ies  
a d d ress in g  th e  e ffe c ts  o f  fib ra te  th e ra p y  on  c o ro n a ry  e ven ts  in N ID D M . S u c h  stu d ies  a re  
u rg e n tly  n eed ed , as th e y  m a y  w e ll ch an g e  th e  em phasis o f  the  tre a tm e n t o f  N ID D M  an d  
re -d e f in e , in  c lin ic a l te rm s, w h a t con stitu tes  adequate  c o n tro l o f  d iab e tes.
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CHAPTER 6
TH E EFFECTS OF H M G  COA 
REDUCTASE IN H IB ITO R S  ON 
PO STPRANDIAL C H YLO M IC R O N  AND 
C H YLO M IC R O N -R EM N AN T 
M E TA B O LIS M  IN  SUBJECTS W IT H  
P R IM A R Y  H YPER C H O LESTER O LAEM IA
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6.1. INTRODUCTION
T h e a th e ro g en ic  p o ten tia l o f  e le v a te d  p lasm a c h o le s te ro l and  lo w  d en s ity  
lip o p ro te in  c h o le s te ro l (L D L -C ) le v e ls  is g en era lly  ac cep ted  (C a ste lli e t  a l., 1 9 7 7 ) .  B y  
c o n tra s t  th e  ro le  o f  tr ia c y lg ly c e ro l (T A G ) in  the  genesis o f  a th e ro sc le ro s is  is  a  su b ject  
o f  c o n tro v e rs y . N u m ero u s ep id em io lo g ica l stud ies h a v e  sh o w n  a c o rre la t io n  b e tw e e n  
e le v a te d  T A G  v a lu e s  an d  c o ro n a ry  h e a rt d isease  (C H D ), as lo n g  as r is k  fa c to rs  su ch  as 
e le v a te d  L D L -C  an d  p a rtic u la r ly  re d u c ed  high d ensity  lip o p ro te in  c h o le s te ro l (H D L -C )  
le v e ls  w e re  a lso  p re se n t (H u lley  e t  a l., 1 9 8 0 ;  P o co ck  e t a l., 1 9 8 9 ) .
A lth o u g h  p a tien ts  w ith  T y p e  III h yp erlip id aem ia  h a v e  lo w  L D L -C  c o n c e n tra t io n s , 
th e re  is  p ro n o u n c e d  a th e ro sc le ro sis . T h ese  sub jects h a ve  a  d e fe c tiv e  a p o lip o p ro te in  
(a p o ) E, a n d  as a  c o n seq u en c e , th e  ch y lo m icro n  rem nan ts (C M -R ) an d  v e r y  lo w  
d e n s ity  lip o p ro te in  (V L D L ) rem n an ts  i.e . in term ed iate  d en sity  lip o p ro te in  (ID L ), a re  
ta k e n  up  b y  th e  liv e r  v e ry  s lo w ly  and th e re fo re  accu m u la te  in  p la sm a. In c re a se d  
a th e ro g e n es is  in  ty p e  III h yp erlip id aem ic  p atien ts , to g e th e r w ith  o th e r  d ire c t e v id e n c e ,  
p ro v id e s  o n e  o f  th e  s tro n g e st arg u m en ts fo r  the  a th ero g en ic ity  o f  re m n a n t lip o p ro te in s  
(B r e w e r  e t  a l.,  1 9 8 3 ) .
T h e  c la ss ific a tio n  o f  d yslip id aem ia  acco rd in g  to  F red rick so n  (T ab le  6 . 1 )  h as been  
th e  t im e  h o n o u re d  b asis  fo r  th e  trea tm en t o f  this g ro u p  o f  d iso rd e rs  (F re d ric k so n  e t  a l., 
1 9 6 7 ) .
T a b le  6 .1  S ta tin  s tu d y : F red rick so n  c la ss ific a tio n  o f  d y s lip id a e m ia s
T y p e c h o le s te ro l t r ia c y lg ly c e r o l l ip o p r o te in s
I n o rm a l + + + C M
Ha + + + n orm al L D L
n b + + + + + + L D L  an d  V L D L
i i i + + + + + C M  an d  V L D L  rem n a n ts
I V n o rm a l + -t- V L D L
V + + + + C M  an d  V L D L
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W h e n  u n d erly in g  gen etic  and  en v iro n m en ta l cau ses o f  d yslip id aem ia  w e re  
e stab lish ed , it  b eca m e  c le a r  th at su b jects  w ith  id en tica l u n d erly in g  d iso rd e rs  c o u ld  be  
c la ss ifie d  in  m o re  than  o n e  o f  the  c a te g o rie s  o f  the  F re d rick so n  c la ss ific a tio n . 
S u b d iv is io n  in p rim a ry  and sec o n d a ry  d yslip id aem ia , th e re fo re , seem ed  to  be m o re  
a p p ro p ria te . H o w e v e r , e v e n  n o w  so m e o f  th e  F red rick so n  ty p e s  a re  still u sed  in  
c lin ic a l p ra c tic e , e sp e c ia lly  as a  g u id e  fo r  se lec tio n  o f  therapy.
P rim a ry  h yp erlip id aem ias  a re  c h a ra c te rise d  b y  lip id  an d  lip o p ro te in  ab n o rm a litie s , 
as a  re s u lt  o f  d iso rd e rs  o f  th e  lip id  an d  lip o p ro te in  m etab o lism  per se (T ab le  6 .2 ) .  I t is 
assu m e d  th a t p rim a ry  h yp erlip id aem ias h a v e  a genetic  o rig in . S p e c ific  g en etic  d e fe c ts  
h a v e  a lre a d y  been  re v e a le d  fo r  a  n u m b er o f  these  d iso rd e rs , such  as fa m ilia l  
h y p e rch o le s te ro la e m ia , fam ilia l d e fe c tiv e  apo  B - 1 0 0  and  fa m ilia l d y s-  
b e ta lip o p ro te in aem ia .
T ab le  6 .2  S ta tin  study: C la ss if ic a tio n  o f  p rim a ry  d y s lip id a e m ia s
D is o r d e r F r e d r ic k s o n  ty p e A th e r o s c le ro s is
r is k
I n c id e n c e
F a m ilia l h y p e rch o le ste ro la e m ia  
h o m o z y g o u s  
h e te ro z y g o u s
I la
+ H—1* H—1—h 
+ + +
1 : 1 , 0 0 0 , 0 0 0
1 : 5 0 0
F a m ilia l d e fe c tiv e  
a p o lip o p ro te in  B - 1 0 0 H a ■+■ + +  -1—1—h -
F am ilia l
d ysb e ta lip o p ro te in a e m ia III + + + 1 :2 5 0 0
F am ilia l com b in ed  
h y p erlip id a em ia I la , l ib ,  an d  I V + + 1 : 2 0 0
P o ly g e n ic
h y p e rc h o le s te ro la e m ia I la + 1 :6
F a m ilia l h yp e rtrig lycerid a em ia I V  an d  V - 1 : 5 0 0
(Knipscheer, 1994)
F am ilia l h y p e rch o le ste ro la e m ia  (FH ) is a d o m in an tly  in h erited  d is o rd e r  w ith  an  
in c id en ce  o f  a b o u t 1 in  4 0 0 - 5 0 0  in d iv id u a ls  in  th e  g en era l p o p u la tio n  o f  m o st w e s te rn  
so c ie ties  (G o ld s te in  and  B ro w n , 1 9 8 9 ) .  FH  is ch a ra c te rised  b y  e le v a te d  p la sm a  L D L -
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C , as a co n se q u e n c e  o f  L D L  re c e p to r  g en e  d e fe c ts  (G o ld ste in  an d  B ro w n , 1 9 7 3 ) ,  an d  
su b jects  a fflic te d  w ith  FH are  a t h igh r isk  f o r  the  d e v e lo p m e n t o f  e a r ly  C A D . 
C lin ic a lly , th ese  su b jects  m a y  h a v e  ty p ica l sym p to m s, such as xan th e la sm a, x an th o m a s  
and/or a rcus lip o id e s  b e fo re  5 0  y e a rs  o f  ag e , w h ic h  assists  in  the d iag n o sis .
T h e  L D L  re c e p to r  g en e  is s itu ated  o n  the  sh o rt a im  o f  c h ro m o so m e  1 9  an d  fo r  
w h ic h  fo u r  c lasses  o f  m u ta tion s h a v e  b een  d escrib ed . C la ss  1 a lle le s  d o  n o t p ro d u c e  an  
L D L  re c e p to r  p ro te in  a t a ll. C lass  2  a lle les  d o  p ro d u ce  an L D L  re c e p to r  p ro te in ,  
th o u g h  th e  p ro te in  is n o t  tra n sp o rted  w ith in  the c e ll to  the m em brane. C la ss  3  a lle les  
p ro d u c e  L D L  re c e p to rs  th a t a re  u n ab le  to  b ind  to  the  L D L  p a rtic le  an d  fin a lly  c lass  4  
a lle le s  p ro d u c e  L D L  re c e p to rs , w h ich  b ind  to  th e  L D L  p a rtic le , b u t a re  n o t  a b le  to  
in te rn a lise  th e  p a rtic le . T rea tm en t o f  p atien ts  w ith  FH fo c u se s  on  p la sm a  L D L -C  
re d u c tio n . T h e re fo re , 3 -h y d ro x y -3 -m e th y lg lu ta ry l c o e n z ym e  A  (H M G  C o A )  re d u c ta se  
in h ib ito r a lo n e  o r  in co m b in a tio n  w ith  a b ile  ac id  binding re s in  is th e  re c o m m e n d e d  
s tra te g y  (D u rrin g to n , 1 9 8 9 ) .  O cc a s io n a lly , p a tien ts  w ith  FH h a v e  e le v a te d  p la sm a  
T A G  to g e th e r  w ith  re d u c e d  p la sm a  H D L -C  le v e ls . In  th ese  p a tie n ts , a H M G  C o A  
re d u c ta s e  in h ib ito r in  co m b in a tio n  w ith  a  fib ric  - o r  n ico tin ic  ac id  d e r iv a tiv e  c a n  b e  
p re sc rib ed .
F a m ilia l d e fe c tiv e  ap o  B - 1 0 0  h yp erlip id a em ia  (F D B ) is c h a ra c te r ise d  b y  a  d e fe c t  o f  
th e  ap o  B  g e n e  (M c C a rth y  e t  a l., 1 9 8 8 ) .  A s  w ith  the  FH c lass 3  a lle le s , b ind ing  o f  ap o  
B - 1 0 0  to  th e  L D L  re c e p to r  is d istu rb ed , cau sin g  p la sm a  L D L  c h o le s te ro l le v e ls  to  rise . 
C lin ic a lly , F D B  seem s in d istin gu ishab le  fro m  FH , a lth ou gh  m ean  p la sm a  L D L  
c h o le s te ro l e le v a tio n s  in  F D B  m ig h t be so m e w h a t less p ro fo u n d . N e v e rth e le ss , th e  
th e ra p eu tic  a p p ro a ch  o f  p atien ts  w ith  F D B  o f  FH is id en tica l.
F am ilia l co m b in ed  h yp erlip id a em ia  (F C H ) is th e  m o st fre q u e n t o cc u rrin g  in h erited  
lip id  d is o rd e r  ( 1  in  2 0 0 )  an d  th e  m o st co m m o n  fam ilia l lip id  d is o rd e r  am o n g  su rv iv o rs  
o f  p re m a tu re  m y o c a rd ia l in fa rc tio n  b e lo w  th e  a g e  o f  6 0  yea rs  (M o tu lsk y , 1 9 7 6 ) .  It is 
c h a ra c te r ise d  b y  m o d e ra te  e le v a tio n  o f  L D L  p a rtic le s , in co m b in a tio n  w ith  a  r is e  in 
V L D L  p a rtic le s  (F red rick so n  ty p e  l ib ) .  A s  a  re su lt , bo th  p la sm a  c h o le s te ro l a n d  T A G  
le v e ls  a re  in c re a sed . F C H  w a s  f ir s t  d e sc rib e d  in  1 9 7 3 ,  w h en  it  w a s  sh o w n  th a t  
c o m b in e d  h yp erlip id a em ia  ap p eared  to  b e  m o re  co m m o n  in f i r s t  d e g re e  re la tiv e s  o f  
a f fe c te d  su b jects  (R o se  e t  a l., 1 9 7 3 ) .  H o w e v e r , am on g  the fa m ily  m em bers o f  F C H  
su b jec ts  an d  e v e n  w ith in  o n e  su b ject w ith  F C H , va riab ility  o f  p h en o ty p es  can  o c c u r. A
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g en etic  d e fe c t  u n d e r ly in g  FC H  has not y e t  b een  fo u n d , a lth ou gh  o v e rp ro d u c tio n  o f  ap o  
B - 1 0 0  d u e  to  a  sec re tio n  d e fe c t in the  h e p a to cy te , resu ltin g  in  V L D L  o v e rp ro d u c tio n  
has b een  d e m o n stra te d  to  u n d erlie  this d iso rd e r (C h a it e t  a l., 1 9 9 0 ;  C a s tro -C a b e z a s  e t  
a l., 1 9 9 2 ) .  A ffe c te d  in d iv id u a ls  can  h a v e  e le v a te d  T A G  due to  in c re a se d  V L D L  le v e ls ,  
h y p e rc h o le s te ro la e m ia  b y  in creased  L D L  le v e ls , o r  co m b in ed  h y p erlip id a em ia  
( in c re a se d  V L D L  and  L D L  le v e ls ) . H o w e v e r , i t  has n o t been  e sta b lish ed  w h e th e r  this  
V L D L  o v e rp ro d u c tio n  a lo n e  is re sp o n sib le  fo r  th e  high in cid en ce  o f  p re m a tu re  C H D  
seen  in  th ese  p atien ts . B o th  an in cre a sed  syn th esis  o f  L D L  and h igh  am o u n ts  o f  V L D L  
rem n a n ts  ( in te rm ed ia te-d en sity  lip o p ro te in s  [ID L ]) a re  lik e ly  to  c o n tr ib u te  to  the  
a th e ro sc le ro tic  p ro cess . T h e ir re la tio n sh ip  w ith  k n o w n  m eta b o lic  d e fe c ts  in  F C H  is  n o t 
c le a r  a t  p rese n t.
P o ly g e n ic  h yp erlip id aem ia  is assu m ed  to  be th e  re su lt o f  a  c lu s te r in g  o f  se v e ra l 
g e n es , w h ic h  ten d  to  in d u ce  m o d era te  e le v a tio n s  o f  p la sm a to ta l and  L D L  c h o le s te ro l  
le v e ls . In p atien ts  w ith  p rim a ry  h yp erlip id aem ia  n o t d u e  to  FH , th e  fre q u e n c y  o f  the  
E 4  a lle le  is s ig n ifican tly  in creased . S in c e  this a lle le  is asso c ia ted  w ith  e le v a te d  
c h o le s te ro l le v e ls  in  th e  g en era l p o p u la tio n , i t  m a y  w e ll be o n e  o f  th e  g en es  w h ich  
c o n tr ib u te s  to  p o ly g e n ic  h yp erlip id aem ia  (U term an n , 1 9 8 8 ) .  E stim atio n  o f  the  
p re v a le n c e  o f  p o lyg e n ic  h yp erlip id aem ia  v a r y  ac co rd in g  to  th e  a rb itra ry  d e fin itio n  o f  
th e  u p p er re fe re n c e  lim it o f  p la sm a  c h o le s te ro l le v e ls .
I t has lo n g  b een  a p p rec ia ted  th at m a jo r ch an ges o cc u r in  th e  c o n c e n tra tio n s  and  
p ro p e rtie s  o f  p la sm a  lip o p ro te in s  in the  p o s tp ra n d ia l state . In te re s t in  th ese  ch an g es, 
h o w e v e r ,  has in cre a sed  d u rin g  the  p a s t fe w  y ea rs . T his is m a in ly  as a  re s u lt  o f  d a ta  
su g g estin g  th a t p o stp ra n d ia l T A G  le v e ls  m ay  be m o re  c lo se ly  re la te d  to  r is k  fo r  
c o ro n a ry  h e a rt d isea se  than  T A G  le v e ls  in th e  p o s ta b so ip tiv e  s ta te  (i.e . a f te r  a  1 2  h r  
fa s t)  (P atsch  e t  a l., 1 9 9 2 ) .  V a rio u s  g ro u p s o f  in vestig a to rs  h a v e  e v a lu a te d  the  
a lim e n ta ry  lip aem ic  re sp o n se s  o f  p atien ts  w h o  h ad  u n d erg o n e  d iag n o stic  c o ro n a ry  
a n g io g ra p h y  (G ro o t  e t  a l., 1 9 9 1 ;  P atsch  e t  a l., 1 9 9 2 ) .  In  each  stu d y , th o se  in d iv id u a ls  
c la s s if ie d  as a n g io g ra p h ic a lly  p o s it iv e  had  m o re  p ro n o u n ced  an d  p ro lo n g e d  in c re a ses  in  
p la sm a  T A G  le v e ls  a fte r  in g estin g  a  fa t-r ic h  m eal than  th o se  c la ss ifie d  as 
a n g io g ra p h ic a lly  n e g a tive . It is  e stab lish ed  th a t th e  m agn itu d e  an d  d u ra tio n  o f  
a lim e n ta ry  tr ia c y lg ly c e ro la e m ia  is c lo se ly  re la te d  to  the  basa l (fastin g ) le v e l; h o w e v e r ,  
in c re a ses  in  T A G  c o n ce n tra tio n  la te  in th e  a lim en ta ry  p h ase  w e re  m u ch  m o re
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p ro n o u n c e d  in  th e  c o ro n a ry  a rte ry  d isease  (C A D ) p o s itiv e  g ro u p s , w h e re a s  d iffe ren c e s  
in fa s tin g  c o n c e n tra tio n s  w e re  not. P atsch  e t a l . ( 1 9 9 2 )  in v es tig a ted  th e  re la t iv e  
p re d ic t iv e  p o w e r  o f  a  n u m b e r o f  lip o p ro te in , lip id  an d  ap o lip o p ro te in  c o n c e n tra tio n s  by  
m eans o f  m u ltiva ria te  s ta tis tica l an a lysis . F o r  m easu rem en ts m ad e  in th e  fa s tin g  s ta te , 
p la sm a  apo  B  and  H D L 2 h ad  in d ep en d en t p re d ic t iv e  p o w e r o f  the  p re se n c e  o f  c o ro n a ry  
s te n o se s . In th e  p o s tp ra n d ia l s ta te , h o w e v e r , p la sm a  T A G  co n c e n tra tio n s  (m ea su re d  
e ith e r  a t 6  o r  8  h r a f te r  th e  m ea l) as w e ll as th e  o th e r tw o  an a ly tes  (p la sm a  a p o  B  an d  
H D L 2), w e re  in d ep en d en t p re d ic to rs  o f  th e  p resen ce  o f  s ten o ses. T h ese  fin d in gs  
e m p h a sise  th e  im p o rta n ce  o f  u n d erstan d in g  th e  m echanism s an d  d e term in an ts  o f  th e  
p o s tp ra n d ia l T A G  re sp o n se .
O ne o f  th e  fa c to rs  in flu en cin g  the  a th e ro sc le ro tic  r is k  in p atien ts  w ith  p rim a ry  
h y p e rc h o le s te ro la e m ia  m a y  be a  d istu rb ed  p o stp ra n d ia l lip o p ro te in  m etab o lism . A f te r  
a  fa t ty  m ea l, d ie ta ry  fa t  is tra n sp o rte d  in  C M  p ro d u ce d  b y  the  in testin e . T h ese  C M , 
w ith  ap o  B - 4 8  as a  s tru c tu ra l p ro te in , b eco m e C M -R  in  the  system ic  c irc u la tio n  
fo llo w in g  C M -T A G  h y d ro ly s is  b y  the  ac tio n  o f  lip o p ro te in  lip ase  (L P L ). D u rin g  this  
f i r s t  e lim in atio n  p h ase , C M  c o m p ete  w ith  en d o g en o u s V L D L  f o r  th e  ac tio n  o f  L P L  
(B ru n z e ll e t  a l.,  1 9 7 3 ) .  F in a lly , C M -R  are  re m o v e d  fro m  the c irc u la tio n  b y  th e  
c o n c e rte d  ac tio n  o f  h epatic  lip a se  (H L ), ap o  E , th e  ch y lo m ic ro n  re m n a n t re c e p to r , a n d  
th e  L P L  p ro te in  (B e is ie g e l e t  a l., 1 9 9 1 ) .  C o m p etitio n  w ith  V L D L  rem n an ts  m a y  o c c u r  
ag a in  a t  th is le v e l. T h e  ro le  o f  th e  L D L  re c e p to r  in this p ro c e ss  rem ain s  u n c le a r  
(E rik sso n  e t  a l., 1 9 9 1 ) .  S e v e r a l  lin es o f  e v id e n c e  h ave  in d ica ted  th a t C M -R  a re  
a th e ro g e n ic  p a rtic le s  (Z ilve rsm it, 1 9 7 9 ;  S im o n s e t  a l., 1 9 8 7 ;  G ro o t  e t  a l.,  1 9 9 1 ) .  In 
vitro s tu d ies , in  ad d itio n  to  anim al and  hum an stud ies h a ve  d e m o n stra te d  th a t C M -R  
c a u se  fo a m  c e ll fo rm a tio n  (F lo ren  e t  a l., 1 9 8 1 ) .  In F C H , th e  h igh flu x  o f  h ep a tic  
V L D L  im p a irs  p o stp ra n d ia l lip o p ro te in  m etab o lism , and  an ab n o rm al C M -R  c le a ra n c e  
m a y  c o n tr ib u te  to  th e  h igh  r is k  fo r  p re m a tu re  C H D  in  FC H  su b jects  (C a s tro -C a b e z a s  
e t  a l .,  1 9 9 1 ) .
In  1 9 7 6 ,  E ndo  e t  al. d e v e lo p e d  m eva sta tin , a  m eta b o lite  o f  th e  Penicillium 
citrinum, w h ich  w a s  ab le  to  re d u c e  p la sm a  c h o le s te ro l le v e ls  in  ra ts , as a  re s u lt  o f  
c o m p e tit iv e  in h ib itio n  o f  H M G  C o A  re d u c ta se , th e  ra te  lim iting  e n zy m e  o f  in tra c e llu la r  
c h o le s te ro l syn thesis. T w o  y ea rs  la te r  a  b e tte r in h ib ito r o f  H M G  C o A  re d u c ta se  w a s  
d is c o v e re d ; m e v in o lin  ( lo va sta tin ), a m eta b o lite  o f  Aspergillus terreus. L o v a s ta tin  w a s
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th e  f i r s t  H M G  C o A  re d u c ta se  in h ib ito r a va ila b le  fo r  c lin ica l u se . S u b se q u e n t to  th e  
d e v e lo p m e n t o f  th ese  f ir s t  H M G  C o A  re d u c ta se  in h ib ito rs , a n u m b e r o f  o th e r  H M G  
C o A  re d u c ta se  in h ib ito rs  h a v e  b een  in tro d u ced .
T h e  m ech an ism  o f  ac tio n  o f  H M G  C o A  re d u c ta se  in h ib ito rs is w e ll  estab lish ed , 
m a in ly  as  a re s u lt  o f  the  w o rk  o f  B ro w n  &  G o ld ste in  ( 1 9 7 6 ) ,  f o r  w h ic h  th e y  re c e iv e d  
the  N o b e l P rize  in  1 9 8 5 .  T h e  liv e r  u tilises  c h o le s te ro l m ain ly  in  th e  p ro d u c tio n  o f  b ile  
acid s. C h o le s te ro l is p ro v id e d  f o r  b y  tw o  m echan ism s, i.e . b y  in tra c e llu la r  p ro d u c tio n  
o f  c h o le s te ro l fro m  a c e ty l C o A  an d  b y  e x tra c tin g  c h o le s te ro l co n ta in in g  L D L  p a rtic les  
f ro m  c irc u la tio n , b y  m eans o f  th e  L D L  re c e p to r . Inh ib ition  o f  th e  e n z y m e  H M G  C o A  
re d u c ta s e  re su lts  in in tra ce llu la r c h o le s te ro l d ep le tio n . T h e  e ffe c t  o f  th is is th e  
e n h a n c e d  p ro d u c tio n  L D L  re c e p to r  gene m R N A  to  in crease  th e  n u m b er o f  L D L  
re c e p to rs  o n  th e  c e ll su rfa ce . C o n se q u e n t to  th is, m o re  L D L  p a rtic le s  a re  re m o v e d  
f ro m  c irc u la tio n  an d  th e  co n c e n tra tio n  o f  p la sm a  L D L  is re d u c e d  (B ilh e im e r e t  a l., 
1 9 8 3 ) .  In  ad d itio n , H M G  C o A  re d u c ta se  in h ib ito rs  h a v e  b een  re p o rte d  to  re d u c e  
p la sm a  V L D L  c h o le s te ro l le v e ls , p a rtic u la r ly  in p a tien ts  w ith  fa m ilia l 
d y sb e ta lip o p ro te in a e m ia  (E ast e t  a l., 1 9 8 6 ;  W e in tra u b  e t a l., 1 9 8 9 b )
In v e s tig a tio n s  in  an im al e x p erim en ts  and in  hum ans h a ve  sh o w n  th a t tr ia c y lg ly c e ro l  
r ic h  lip o p ro te in  (T R L ) rem n a n ts  b ind  w ith  h igh  a ffin ity  to  L D L  re c e p to rs  (B e is ie g e l, 
1 9 9 5 ) .  I t c a n  th e re fo re  b e  a ssu m ed  th a t th e  in cre a sed  n u m b er o f  L D L  re c e p to rs , 
in d u c e d  b y  H M G  C o A  re d u c ta se -in h ib ito rs , m a y  le a d  to  a c c e le ra te d  e lim in a tio n  o f  
C M -R  an d  ID L  p a rtic le s .
C ia n flo n e  e t  al. ( 1 9 9 0 )  s tu d ied  a  g ro u p  o f  su b jects  w ith  e le v a te d  L D L  a p o  B - 1 0 0  
an d  fo u n d  th a t lo v a s ta tin  tre a tm e n t h ad  n o  sig n ifican t o v e ra ll e f fe c t  o n  p la sm a  T A G  
an d  T A G  in  th e  S f  > 4 0 0  lip o p ro te in  fra c tio n . B y  c o n tra s t, th e y  fo u n d  m a rk ed ly  
e n h a n ce d  p la sm a  an d  S f  >  4 0 0  C M -R  c le a ra n ce , b ased  o n  in vivo ra d io - iso to p ic  
la b e llin g  o f  o ra lly  in g e ste d  re tin o l. C a stro -C a b e z a s  e t  al. ( 1 9 9 3 )  s tu d ied  a  g ro u p  o f  
p a tie n ts  w ith  F C H  an d  fo u n d  th a t s im vasta tin  trea tm e n t im p ro v e d  C M -R  ( S f  < 1 0 0 0 )  
c le a ra n c e , b a se d  on  R P  la b e llin g  o f  C M . T h ese  stu d ies su g g es t th a t H M G  C o A  
re d u c ta s e  in h ib ito r th e ra p y  im p ro v e  C M / C M -R  c lea ra n ce . T h e  sam e g ro u p  (C a s tro -  
C a b e z a s  e t  a l., 1 9 9 4 )  s tu d ied  th e se  F C H  su b jects  b e fo re  and a f te r  tre a tm e n t w ith  e ith e r  
s im v a s ta tin  a lo n e  o r  co m b in ed  w ith  g e m fib ro z il. T h e  a im  o f  th at s tu d y  w a s  to  c o m p a re  
th e  p o s tp ra n d ia l ap o  B - 4 8  an d  ap o  B - 1 0 0  re sp o n se s  b e fo re  an d  a f te r  n o rm a lisa tio n  o f
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p la s m a  T A G . A p o  B -4 8  and  ap o  B - 1 0 0  w e re  d e te rm in ed  b y  d e n s ito m e tric  scan n in g  o f  
s ilv e r -s ta in e d  so d iu m  d o d e c y l su lp h a te -p o ly a c ry la m id e  ge l e le c tro p h o re s is  ( S D S -  
P A G E ) . T h ey  fo u n d  th a t th e  ap o  B - 4 8  c le a ra n ce  w a s  im p ro v e d  in  th e  d  < 1 . 0 0 6  g/ml 
fra c t io n  o f  p la sm a , b u t n o t in  th e  rem n a n t fra c tio n  (d : 1 .0 0 6  - 1 . 0 1 9  g/ml). H o w e v e r , as 
p o in te d  o u t b y  th e  a u th o rs , m e th o d o lo g ic a l lim ita tio n s  in the  d e te rm in a tio n  o f  a p o  B -  
4 8  h as  re n d e re d  th e ir  d a ta  m a rg in a l an d  h as n o t a l lo w e d  q u an tita tio n  o f  ap o  B - 4 8  o r  B -  
1 0 0 .
T h e  p re s e n t s tu d y  w a s  a c o lla b o ra tiv e  e f fo r t  b e tw e e n  th e  R o y a l U n ite d  H o sp ita l, 
B a th  an d  th e  N u tritio n  R ese a rch  G ro u p , U n iv e rs ity  o f  S u rre y . It is b a se d  o n  th e  
in v e s tig a tio n  o f  a  n e w  H M G  C o A  re d u c ta se  in h ib ito r, C I - 9 8 1 ,  d e v e lo p e d  b y  P a rk e  
D a v is  P h a rm a c e u tic a l R ese a rch  (E u ro p ea n  C lin ic a l D e ve lo p m e n t, F re ib u rg , G e rm a n y ) .  
C I - 9 8 1 ,  th e  n e w  ‘ s ta tin ’ , acts to  re d u c e  c h o le s te ro l b io syn th esis  b y  m eans o f  
c o m p e tit iv e  in h ib itio n  o f  the  ra te  lim itin g  e n z y m e  fo r  c h o le s te ro l s yn th e s is . P h a se  I an d  
II c lin ic a l p h a rm a c o lo g y  stu d ies o f  C I - 9 8 1 ,  a lre a d y  c a rr ied  o u t, h a v e  e sta b lish ed  its  
s a fe ty  an d  e ffic a c y  in  s in g le  d o se s  up to  8 0  m g  an d  in  m u ltip le  d o se s  up  to  8 0  m g/day  
f o r  tw e lv e  w e e k s . T h e  o v e ra ll  sch em e o f  th is s tu d y  w a s  to  assess th e  e ffe c ts  o f  C I-  
9 8 1  an d  s im vasta tin  on  th e  k in e tics  o f  lip o p ro te in s  in p a tie n ts  w ith  p rim a ry  
h y p e rc h o le s te ro la e m ia  a f te r  in g estin g  a s tan d a rd  fa t  lo ad . T h e  in v o lv e m e n t o f  o u r  
re s e a rc h  g ro u p  in  th e  p re se n t c o lla b o ra tiv e  s tu d y  w a s  fo c u se d  o n  p o s tp ra n d ia l C M  an d  
C M -R  m e ta b o lism , as m e a su red  b y  re t in y l e s te r  (R E ) and  ap o  B - 4 8 ,  b e fo re  an d  a f te r  
tre a tm e n t w ith  a  H M G -C o A  re d u c ta se  in h ib ito r.
B o th  C I - 9 8 1  an d  s im vasta tin  a re  p o te n t  lip id -lo w e r in g  a g en ts , k n o w n  p rim a rily  fo r  
th e ir  c h o le s te ro l lo w e r in g  e ffe c ts . H o w e v e r , in  m a n y  o f  th e  p rim a ry  d yslip id aem ia s , 
d is tu rb a n ces  o f  T A G  m eta b o lism  a p p e a r to  b e  a k e y  fe a tu re  an d  C A D  a fre q u e n t  
c o m p lica tio n . T h is s tu d y  w a s  d esig n ed  to  te s t  th e  h yp o th esis  th a t in p a tie n ts  w ith  
e le v a te d  L D L -C , C M -R  c le a ra n ce  c an  be m o d u la ted  b y  H M G  C o A  re d u c ta se  in h ib ito r  
th e ra p y . T h e  a im s o f  th e  p re se n t s tu d y  w e re :
-  to  e v a lu a te , in  a  g ro u p  o f  su b jects  w ith  p rim a ry  h y p e rc h o le s te ro la e m ia , th e  e ffe c ts  
o f  H M G -C o A  re d u c ta se  in h ib ito rs  (s im va sta tin  an d  C I - 9 8 1 )  o n  th e  p o s tp ra n d ia l lip id  
an d  lip o p ro te in  p ro fi le s  o f  p la sm a , C M  an d  V L D L  fra c tio n s  o f  p la sm a , a f te r  a  d e fin e d  
te s t  m e a l,
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- s p e c if ic a lly  to  fo l lo w  fa s tin g  and  p o stp ran d ia l C M  and C M -R  m eta b o lism  in  th e  C M  
( S f  > 4 0 0 )  an d  V L D L  ( S f  2 0  - 4 0 0 )  fra c tio n s  o f  p la sm a u tilisin g  a  n o v e l m o n o sp e c ific  
ap o  B - 4 8  a n tib o d y  and to  c o m p a re  th e  re su lts  w ith  th o se  o b ta in ed  b y  R E  la b e llin g  o f  
th ese  lip o p ro te in s  and
- to  d o c u m e n t ch an g es in C M -R  d istrib u tion , as m easu red  b y  ap o  B - 4 8 ,  in th e  V L D L  
su b fra c tio n s  o f  p lasm a, b e fo re  and a fte r  trea tm en t w ith  a  H M G -C o A  re d u c ta se  
in h ib ito r.
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6.2. STUDY DESIGN
T h e stu d y  w a s  c o n d u c ted  at the  W o lfs o n  C e n tre , S c h o o l o f  P o s tg ra d u a te  
M e d ic in e , U n iv e rs ity  o f  B a th , R o y a l U n ited  H o sp ita l, B a th , U K . T h e  stu d y  p ro to c o l  
c o n fo rm e d  to  th e  e th ica l gu id elin es o f  th e  D e c la ra tio n  o f  H elsink i, an d  w a s  a p p ro v e d  
b y  th e  B a th  D is tr ic t L o c a l R esearch  E thics C o m m ittee . A l l  p a rtic ip a n ts  g a v e  th e ir  
w ritte n  c o n se n t to  ta k e  p a rt  in  the  stu d y. A l l  su b je c t se lec tio n  and  screen in g  w a s  d o n e  
a t th e  R o y a l U n ited  H o sp ita l, B a th . T he c o n d u c t o f  th e  p o s tp ra n d ia l s tu d y , b lo o d  
sam p le  c o lle c tio n  and u ltra cen trifu g a tio n  w a s  c a rr ie d  o u t a t th e  W o lfs o n  C e n tre , 
S c h o o l o f  P o s tg ra d u a te  M ed ic in e , U n iv e rs ity  o f  B a th , R o y a l U n ite d  H osp ita l, B a th , 
U K . P lasm a  sam ples w e re  s to re d  a t - 7 0 ° C  an d  re le v a n t  fra c tio n s  w e re  ex p re ss  
d e liv e re d  to  th e  U n iv e rs ity  o f  S u rre y , G u ild fo rd , in  d ry  ice . A l l  sam ples w e re  re c e iv e d  
in  g o o d  c o n d itio n .
6 . 2 . 1 .  S t u d y  S u b je c ts
A  to ta l o f  tw e n ty  su b jects , a g e d  1 8  yea rs  o r  o ld e r , w ith  p rim a ry  
h y p e rc h o le s te ro la e m ia  o f  v a ry in g  p h en o ty p e  w e re  re c ru ite d  in to  th e  stu d y. O n  
screen in g  o f  fa s tin g  p lasm a, a ll sub jects w e re  fo u n d  to  h a v e  L D L -C  > 4 .0  m m ol/L an d  
T A G  < 4 .0  m m ol/L. E x c lu s io n  c rite r ia  f o r  th e  stu d y  in c lu d ed :
(i) S u b je c ts  w ith  a  b o d y  m a ss  in d ex  (B M I) > 3 3  kg/m 2.
(ii) F e m a le s  o f  c h ild b e a rin g  p o ten tia l w h o  a re  p reg n an t o r  n u rs in g  w h e n  on th e  tria l. 
S e x u a lly  a c t iv e  fe m a le s  m u st b e  p o s t-m en o p a u sa l o r  su rg ic a lly  s te rilised .
(iii) M a le  su b jects  co n su m in g  m o re  than 3 0  un its, an d  fe m a le  su b jects  co n su m in g  
m o re  th an  2 0  un its o f  a lc o h o l (e th an o l e q u iv a le n ts)  p e r  w e e k .
( iv )  S u b je c ts  w ith  e v id e n c e  o f  re n a l, h ep a tic  o r  en d o c rin e  d y sfu n c tio n .
(v )  S u b je c ts  w ith  d iab e tes m e llitu s  o r  fa s tin g  b lo o d  g lu co se  o f  > 7 .8  m m ol/L.
(v i)  S u b je c ts  w ith  k n o w n  h y p e rse n s itiv ity  to  H M G  C o A  red u c tase  in h ib ito rs .
(v i)  S u b je c ts  ta k in g  a n y  o f  a  series  o f  p ro h ib ite d  d rugs w h ich  in c lu d e :
- o th e r l ip id  re g u la tin g  d ru gs
- a n y  im m u n o su p p re s iv e  ag en t
- sy s te m ic  s te ro id s  o r an tico ag u la n ts
225
- d ru g s  k n o w n  to be a sso c ia ted  w ith  rh a b d o m y o ly s is  in  co m b in a tio n  w ith  H M G -  
C o A  re d u c ta se  in h ib ito rs  (c y c lo sp o rin e  and  e ry th ro m y c in )
A n  e stim ate  o f  L D L -C  w a s d e riv e d  fro m  the F ried e w a ld  fo rm u la  (F rie d e w a ld  e t  a l., 
1 9 7 2 ) ,  f ro m  a  fa s tin g  b lo o d  sam ple:
L D L -C  = T o ta l c h o le s te ro l - (H D L -C  + T A G / 2 .2 ) [ a ll units in  m m ol/L]
6 .2 .2 .  D e s ig n  O f  S t u d y
T his w a s  an  o p en -lab e l, p a ra lle l, c o m p a ra tiv e , ran d o m ised , 4 -w e e k , s in g le -c e n tre  
p i lo t  s tu d y . U p o n  re c ru itm en t in to  th e  s tu d y , th ere  w a s  a 6  w e e k  w a sh o u t p e rio d .  
T his w a s  fo l lo w e d  b y  a  6  w e e k  p la ceb o  base lin e  p h ase , a f te r  w h ic h  a ll su b jects  
u n d e rw e n t a  p o stp ra n d ia l stu d y  a fte r  con su m in g  a  stan d ard  te s t m ea l. A f te r  th e  f irs t  
p o s tp ra n d ia l s tu d y , a ll su b jects  re c e iv e d  e ith e r 1 0  m g  C I - 9 8 1  o r  1 0  m g  S im v a s ta tin , 
o n c e  d a ily  f o r  4  w e e k s . F o llo w in g  4  w e e k s  o f  a c tiv e  d ru g  trea tm e n t, th e  su b jects  
p o s tp ra n d ia l e v a lu a tio n  w a s  re p e a te d  u n d er id en tica l co n d itio n s. A  sch em atic  
re p re se n ta tio n  o f  th e  tim e -co u rse  o f  the  stu d y  is  sh o w n  in  F ig u re  6 .1 .
F ig u r e  6 . 1  S ta tin  stu d y: S c h e m e  o f  e v en ts  o v e r  tim e
1 s t  2m  
S T U D Y  D A Y  S T U D Y  D A Y
1 i
R e c ru itm e n t
o f  su b je c ts  1 0  m g  C I -9 8 1  d a i ly
I 6  w e e k s j 6  w e e k s 4  w e e k s
w a s h o u t p e r io d  p la ce b o  p h ase  1 0  m g  S im v a s ta tin  d a i ly
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6.2.3. Study Day Procedure
A t  0 7 0 0  h r  on  th e  d a y  o f  the  stu d y, su b jects w e re  ad m itted  to  th e  W o lfs o n  C e n tre ,  
S c h o o l o f  P o s tg ra d u a te  M ed ic in e , U n ive rs ity  o f  B a th , R o y a l U n ited  H o sp ita l, B a th , 
U K . A n  in d w e llin g  can n u la  w a s  in serted  and  tw o  fa stin g  b lo o d  sam p les  w e re  ta k en  
( -3 0 ,  0  tim e  p o in ts ) , b e fo re  ea tin g  th e  te s t m ea l. T he s tan d a rd  b re a k fa s t had  an e n e rg y  
v a lu e  o f  1 3 6 2  k c a l an d  co n ta in e d  8 6  g o f  c a rb o h y d ra te , 4 2  g  p ro te in  an d  9 7  g o f  fa t. 
In a d d itio n , 3 0 0 ,0 0 0  IU  o f  re tin y l p a lm ita te  w a s  ad d ed  to  th e  m ilk  p ro v id e d . T h e  
m a c ro n u tr ie n t an a lysis  o f  th e  stan d ard  b re a k fa s t is sh o w n  in T ab le  6 .3 .  T h e  m ea l w a s  
c o n su m e d  w ith in  3 0  m in  and  tim ing  fo r  b lo o d  sam pling  w a s  tak en  fro m  th e  m id d le  o f  
th e  m ea l. V e n o u s  b lo o d  sam pling  v ia  the  can n u la  w a s  c o n tin u ed  a t re g u la r  in te rv a ls  
f o r  9  h r  p o s tp ra n d ia lly . E ig h t b lo o d  sam ples w e re  tak en  th ro u g h o u t th e  s tu d y  p e r io d  
a t th e  fo llo w in g  tim e  p o in ts : - 3 0  m in, 0 , 1 ,  2 , 3 , 4 ,  6 , 9  h r. L ip o p ro te in  su b fra c tio n s  
w e re  is o la te d  b y  c u m u la tive  flo ta tio n  u ltrac en trifu g a tio n  u sing  a  lin e a r s a lt  g ra d ien t, as 
d e sc r ib e d  in  the  M eth o d s  sec tio n  (sectio n  6 .3 ) .  T he v o lu m e  o f  the v a r io u s  su b fra c tio n s  
re m o v e d  w a s  n o ted  an d  a ll re su lts  w e re  c o rre c te d  fo r  v o lu m e  d iffe re n c e s . T h e  
u ltra c en trifu g a tio n  w a s  c a rrie d  o u t b y  re se a rc h  c o lla b o ra to rs  a t B a th . A l l  sam p les fo r  
ap o  B - 4 8  d e te rm in a tio n  co n ta in ed  5 %  (v/v) o f  th e  p re s e rv a tiv e  c o c k ta il as d e sc r ib e d  in  
C h a p te r 2  (sec tio n  2 .3 ) .  A  su m m a ry  o f  the  s tu d y  d a y  p ro to c o l is  s h o w n  in  F ig u re  6 .2 .
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Figure 6.2 Statin study: Study day protocol
2 0  a d u lt h y p e rc h o le s te ro la e m ic  su b jects  e n te re d  th e  stu d y. T his in v o lv e d  a  6  w e e k  
w a s h o u t p e r io d , 6  w e e k s  o n  a  p la c e b o , s tu d y  d a y , fo llo w e d  b y  4  w e e k s  o f  e ith e r  
S im v a s ta tin  1 0  m g  d a ily  o r  C I - 9 8 1  1 0  m g  d a ily , a n d  then the  sec o n d  s tu d y  d ay .
T
0 7 0 0  h rs : A d m itte d  to  W o lf s o n  C e n tre , S c h o o l o f  P o stg rad u ate  M e d ic in e , U n iv e rs ity  
o f  B a th , R o y a l U n ite d  H o sp ita l, B a th , U K . T w o  fa s tin g  b lo o d  sa m p les  ta k en  
( - 3 0 ,  0  tim e  p o in ts ) . S ta n d a rd  b re a k fa s t g iv e n . T h is  c o m p ris e d  9 7  g  fa t  an d  
8 6  g  c a rb o h y d ra te  m e a l. In  ad d itio n , 3 0 0 ,0 0 0  IU  re t in y l p a lm ita te  a d d e d  to  
th e  m e a l. T h e  m e a l w a s  to  b e  co n su m e d  w ith in  3 0  m in .
j
p o s tp ra n d ia l b lo o d  sa m p le s  tak en  at 1 , 2 ,  3 , 4 ,  6  an d  9  h rs  t im e d  f r o m  th e  
m id d le  o f  th e  m e a l. S tu d y  te rm in a te d  at 1 7 0 0  h rs.
T a b le  6 .3  S ta t in  s tu d y : S ta n d a rd  te s t m e a l c o m p o sitio n  an d  m a c ro n u tr ien t a n a ly s is
F O O D Q U A N T I T Y
C h e ese 8 0  g
W h o le  m ilk 1 5 0  m l
D o u b le  c re a m 6 0  m l
M a rg a rin e 3 5  g
W h o le  m e a l b re a d 1 0 0  g
Y o g h u r t 1 2 5  g
Jam 1 4  g
C O N S T IT U E N T S
E n erg y 1 3 6 2  k c a l
F at 9 6 .7  g  ( 6 3 .9 %  o f  to ta l e n e rg y )
P ro te in 4 2 .0  g ( 1 2 .3 %  o f  to ta l e n e rg y )
C a rb o h y d ra te 8 6 .2  g ( 8 6 .2 %  o f  to ta l e n e rg y )
C h o le s te ro l 1 9 4  m g
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6.3. ME T H O D S  OF ANALYSIS
1 . T h e  re su lts  o f  c h o le s te ro l, C E  and  T A G  w e re  k in d ly  p ro v id e d  b y  D r  JP D  R e c k le ss ,  
th e  P rin c ip a l In v e s tig a to r  fo r  the  s tu d y . T h e  an a lyses w e re  c a rrie d  o u t  a t th e  W o lfs o n  
C e n tre , R o y a l U n iv e rs ity  H o sp ita l, B a th , U K . T h e  T A G , to ta l c h o le s te ro l a n d  fre e  
c h o le s te ro l an a lysis  on  p la sm a  and  lip o p ro te in  fra c tio n s  w a s  c a rrie d  o u t. C E  w a s  then  
c a lc u la te d  f ro m  th e  d iffe re n c e  b e tw een  to ta l c h o le s te ro l and fre e  c h o le s te ro l v a lu e s .  
A ll  assa ys  w e r e  c a rrie d  o u t on  c o m m erc ia l en zym atic  k its  f ro m  R a n d o x  a n d  w e re  
a n a ly se d  o n  an a u to m a te d  an a lyse r, th e  A b b o tt  V P . T he T A G  a ssa y  w a s  b a se d  on  
seq u en tia l en zym a tic  re a c tio n s  u tilisin g  lip o p ro te in  lip ase , g ly c e ro l k in a se  an d  g ly c e ro l  
p h o sp h a te  o x id a se . T h e  fre e  c h o le s te ro l assay  w a s  b ased  on a  c h o le s te ro l o x id a se  
c a ta ly se d  e n zy m a tic  re a c tio n , w ith  c h o le s te ro l e s te ra se  ad d itio n  f o r  to ta l c h o le s te ro l  
d eterm in a tio n .
2 . U ltra c e n trifu g a tio n  o f  th e  p la sm a  sam p les w e re  c a rrie d  o u t a t th e  W o lfs o n  C e n tre , 
R o y a l U n iv e rs ity  H osp ita l, B a th , U K . P lasm a, C M  ( S f  > 4 0 0 ) , V L D L  ( S f  2 0 - 4 0 0 )  and  
an in fra n a ta n t fra c tio n s  ( S f  < 2 0 )  w e re  iso la ted , a t each  p o s tp ra n d ia l tim e  p o in t, by  
c u m u la tive  flo ta tio n  u ltra -c en trifu g a tio n  using  a  lin e a r sa lt g ra d ie n t d e v e lo p e d  by  
C h ris to p h e r  H arris  (B a th  U n iv e rs ity  P hD , 1 9 9 5 ) ,  b ase d  on  the  m e th o d  b y  L in d ren  &  
Jen sen  ( 1 9 7 2 ) .  M ea su re m e n ts  o f  T A G , C E , R E  and  ap o  B - 4 8  w e r e  c a rrie d  o u t  on  
th ese  lip o p ro te in  fra c tio n s . In ad d itio n , the  V L D L  su b fra c tio n s : V L D L 1  ( S f  1 0 0 -  
4 0 0 ) ,  V L D L 2  ( S f  6 0 - 1 0 0 )  an d  V L D L 3  ( S f  2 0 - 6 0 ) ,  w e re  is o la te d  d u rin g  a  sep a ra te  
u ltra c en trifu g a tio n  sp in , s o le ly  fo r  th e  q u an tita tio n  o f  p o s tp ra n d ia l a p o  B - 4 8  in  th ese  
V L D L  su b fra c tio n s . A  sch em atic  re p re se n ta tio n  o f  th e  step s in v o lv e d  in  th e  seq u en tia l 
iso la tio n  o f  th e  v a r io u s  lip o p ro te in  fra c tio n s  is g iven  in  F ig u re  6 .3 .  In  a d d itio n , the  
u ltra c en trifu g a tio n  sp ec ific a tio n s  f o r  the  iso la tio n  o f  the  v a r io u s  fra c tio n s  is  g iv e n  in  
T a b le  6 .a , in  A p p e n d ix  V .
3 . R e tin y l e s te r  (R E ) d e term in a tio n  w a s  c a rried  o u t b y  H P L C  b y  th e  m e th o d  o f  
R u o to lo  e t  al. ( 1 9 9 2 )  as d e sc rib e d  in  C h a p te r 2  (sec tio n  2 .1 .3 ) ,  a t th e  U n iv e rs ity  o f  
S u rre y .
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F ig . 6 .3  S ta tin  s tu d y : U ltra c e n trifu g a tio n  o f  p la sm a  fo r  (a) lip o p ro te in  is o la t io n  an d  
(b) V L D L  su b fra c tio n a tio n
(a) 4  m l p la sm a  (c o lle c te d  in  E D T A  - 3 0  m g  o f  d i-s o d iu m  s a lt
+ p e r  1 0  m l o f  w h o le  b lo o d )
o v e r la y e re d  w ith  2 .5  m l N a C l (d  = 1 .0 0 6  g/ml)
ultracentrifuged @ 10,000 rpmfor 15 min, at 23° C, on a 50.4 Ti rotor
v o lu m e  m a d e  up w ith  N a C l (d  = 1 . 0 0 6  g/ml) 
ultracentrifuged @  50,000 rpmfor 10 hr
C M  f r a c t io n  re m o v e d  
to  a  v o lu m e  o f  1 .5  m l  
( S f  > 4 0 0 )
V L D L  f r a c t io n  r e m o v e  
to  a  v o lu m e  o f  2 .0  m l  
( S f  2 0 - 4 0 0 )
I n f r a n a t a n t  f r a c t io n  ( S f  < 2 0 )
m ad e up to 4  m l
(b)
2  m l o f  p la sm a  (in  p o ly v in y l  a lc o h o l c o a te d  
u ltra c e n tr ifu g a tio n  tu b es)
+
o v e r la y e re d  w ith  so lu tio n s  o f  N a C l an d  N a  B r  
o f  v a r y in g  d e n s itie s  fro m  1 .0 5 8 8  to 1 .0 9 9 8  g/ml
ultracentrifuged @  15,000 rpmfor 1 hr 45 min, at 
23° C, on a SW40 rotor
C M  f r a c t io n  ( S f  > 4 0 0 )  
re m o v e d  to  a  v o lu m e  o f  0 .5  m l
v o lu m e  m ade up w ith  N a C l an d  N a B r  
so lu tio n  (d  = 1 .0 5 8 8 )
V L D L 1  f r a c t io n  ( S f  1 0 0 -  4 0 0 )  
re m o v e d  to  a  v o lu m e  o f  0 .5  m l
V L D L 2  f r a c t io n  ( S f  6 0 -  1 0 0 )  
re m o v e d  to  a  v o lu m e  o f  0 .5  m l
V L D L 3  f r a c t io n  ( S f  2 0 - 6 0 )  
r e m o v e d  to  a  v o lu m e  o f  0 .5  m l
ultracentrifuged @  28,000 rpm for 1 hr 
30 min, at 23° C, on a SW40 rotor
v o lu m e  m a d e  up  w ith  N a C l  
an d  N a B r s o lu tio n  (d  =  1 . 0 5 8 8 )
ultracentrifuged @  28,000 rpm fori hr 
14 min, at 23° C, on a SW40 rotor
v o lu m e  m a d e  up  w ith  N a C l  
an d  N a B r so lu tio n  (d  = 1 . 0 5 8 8 )
ultracentrifuged @  17,000 rpmforl6hr 
29 min, at 23° C, on a SW40 rotor
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4 . A p o  B - 4 8  d e te rm in a tio n  w a s  c a rried  o u t b y  the  en zym e  lin k e d  im m u n o so rb a n t  
a s s a y  (E L IS A ) , b a se d  o n  a m o n o sp e c ific  ap o  B -4 8  an tib o d y, w ith  m e th o d  d e ta ils  g iv e n  
in  C h a p te r  2  (se c tio n  2 .5 ) .
6 .4 .  S T A T I S T I C A L  A N A L Y S I S
A l l  d a ta  p re se n te d  in th e  ta b les  sh o w  m ean  va lu es  and s tan d a rd  d e v ia tio n s  w h e re a s  
th e  fig u re s  s h o w  m ean  v a lu es  w ith  stan d a rd  e rro rs  o f  the  m ean  to  fa c ilita te  c la r ity  o f  
p re se n ta tio n . S ta tis tic a l an a lysis  w a s  c a rrie d  o u t on  the  IN S T A T  p ro g ra m m e  o n  an  
A p p le  M a c in to sh  c o m p u te r. T h e  p a ire d  S tu d e n t’ s t- te s t  w a s  u sed  to  lo c a te  an d  assess  
a n y  s ig n ifica n t d iffe ren c e s  b e tw e e n  the  A re a  U n d e r th e  T im e R e sp o n se  C u rv e  ( A U C ) ,  
b e tw e e n  th e  su b jec ts , fo llo w in g  p la c e b o  an d  ‘ s ta tin ’ trea tm en t. T h e  u n p a ire d  S tu d e n t ’ s 
t- te s t  w a s  u sed  to  lo c a te  an d  a sse ss  an y  s ig n ifica n t d iffe ren ces  b e tw e e n  su b jects  t re a te d  
w ith  S im v a s ta t in  an d  C I -9 8 1 . C o m p a riso n s  b e tw e e n  R E  an d  ap o  B - 4 8  w e r e  su b je c te d  
to  re p e a te d  m ea su res  an a lysis  o f  v a r ia n c e  to  d e term in e  sig n ifican t d iffe re n c e s  in  tim e  
c o u rs e  p ro fi le . A l l  p a ra m ete rs  s ta tis tic a lly  te s te d  w e re  e ith e r sh o w n  to  be  n o rm a lly  
d is trib u ted , o r  lo g a rith m ica lly  tra n s fo rm e d  an d  re -c h e c k e d  f o r  n o rm a l d is trib u tio n , 
p r io r  to  a p p lic a tio n  o f  th e  t-test. T h e  m in im u m  a ccep ted  le v e l o f  s ta tis tic a l s ig n ifica n ce  
w a s  p  <  0 .0 5 .
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6.5. RESULTS
In th e  d esig n  o f  the  p re s e n t s tu d y , tw e n ty  su b jects w e re  re c ru ite d  an d  w e re  
ra n d o m ise d  in to  tw o  e q u a l g ro u p s  o f  ten  su b jects  each , to  re c e iv e  e ith e r 1 0  m g  
s im v a s ta tin  o r  1 0  m g  C I - 9 8 1 .  T h e  su b jects  in  each  g ro u p  w e re  m a tc h e d  w ith  re g a rd  to  
a g e , se x  a n d  b o d y  m ass in d ex  (B M I). T o  d e term in e  w h e th e r th e re  w a s  a  s ig n ifica n t  
d iffe re n c e  b e tw e e n  C I - 9 8 1  an d  sim vasta tin  tre a te d  su b jects , fa s tin g  an d  th e  
p o s tp ra n d ia l A U C  fo r  th e  fo l lo w in g  p a ra m e te rs  w e re  assessed :
(i) p la s m a  - T A G , c h o le s te ro l a n d  C E ,
(ii)  C M  an d  V L D L  fra c tio n  - T A G , C E , ap o  B - 4 8  an d  R E .
D iffe re n c e s  in  su b je c t c h a ra c te r is t ic s , an d  a ll a b o v e  lis te d  lip id  an d  lip o p ro te in  ind ices  
w e r e  fo u n d  to  b e  s ta tis tica lly  in s ig n ific a n t (u n p a ired  S tu d e n t’ s t- te s t)  b e tw e e n  su b jects  
t re a te d  w ith  s im vasta tin  and  C I - 9 8 1 .  H en ce , a ll su b jects  w e re  c la s s ifie d  as p la c e b o  
t re a te d  an d  ‘ s ta tin ’ tre a te d  re g a rd le ss  o f  th e  n a tu re  o f  the H M G  C o A  re d u c ta se  
in h ib ito r th a t th e se  su b jects w e r e  ra n d o m ise d  to  re c e iv e . T his e n a b le d  a  s im p lified  
c o m p a riso n  an d  a ss is ted  in  th e  c la r ity  o f  p re se n ta tio n  o f  the  e ffe c ts  o f  H M G  C o A  
re d u c ta s e  in h ib ito rs  (a  g ro u p , as o p p o se d  to  co m p arin g  th e  e ff ic a c y  b e tw e e n  
s im va sta tin  an d  C I - 9 8 1 ) ,  o n  p o s tp ra n d ia l C M / C M -R  m etab o lism . H e n ce fo rth , th e  
re su lts  o f  th e  p o s tp ra n d ia l s tu d y  fo llo w in g  th e  p la ceb o  p h ase  w o u ld  be c o m p a re d  to  
th a t o f  a  trea tm e n t p h a se  ( ‘ s ta t in ’ p h ase).
T h e  re s u lts  p re se n te d  in  th is  se c tio n  c a n  b e  d iv id e d  in to  tw o  sec tio n s :
(i) the p o s tp ra n d ia l R E  re sp o n se s  in  p la sm a , C M , V L D L  an d  in fra n a ta n t fra c tio n s  
an d  p o s tp ra n d ia l ap o  B - 4 8  in  th e  C M  an d  V L D L  fra c tio n s .
(ii) in  a  sep a ra te  u ltra c en trifu g a tio n  p ro c e d u re , p o s tp ra n d ia l ap o  B - 4 8  le v e ls  w e re  
q u a n tita ted  in  V L D L 1 ,  V L D L 2  an d  the V L D L 3  su b fra c tio n s .
F o llo w in g  th e  an a lysis  o f  th e  sam p les, re su lts  f o r  T A G , R E  an d  ap o  B - 4 8  w e re  
lo w e r  th an  e x p e c te d  in  th e  C M  fra c tio n . It w a s  ap p a ren t th a t s ig n ifica n t lo ss  o f  
lip o p ro te in s  h ad  o c c u rre d , p ro b a b ly  d u rin g  th e  iso la tio n  o f  the C M  fra c tio n . T h is w ill  
b e d iscu ssed  in  th e  fo llo w in g  sec tio n . T h e  p o in t to  n o te  is th a t re su lts  f o r  a ll a n a ly tes  
in  th e  C M  fra c tio n  m ay  n o t  re p re s e n t th e  a c tu a l lip o p ro te in  c o m p o s itio n  o f  this  
fra c tio n .
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6.5.1. Clinical Characteristics And Fasting Lipid Levels
O f  th e  tw e n ty  su b jects  re c ru ite d  in to  th e  s tu d y , 8 w e re  m ales an d  1 2  w e re  fe m a le s . 
T h e  m e a n  (±  S D )  a g e  o f  th e  su b jec ts  w a s  5 4 .7  (± 1 1 .6 )  y e a rs , ra n g in g  fr o m  2 8  y e a rs  to  
6 8  y e a rs . T h e  m ea n  (±  S D ) B M I  o f  th e  stu d y  su b jects  w a s  2 7 .2  (± 5 .7 )  kg/m 2, ra n g in g  
f r o m  2 3  to  3 3  kg/m2. T a b le  6 .4  sh o w s  the  fa s tin g  lip id  le v e ls  o f  th e  s tu d y  su b jects  
fo l lo w in g  p la c e b o  an d  ‘s ta tin ’ trea tm en t. S ta tin  trea tm e n t p ro d u c e d  re d u c tio n s  in  
fa s tin g  p la sm a  T A G , c h o le s te ro l an d  C E  o f  1 7 %  (p < 0 .0 5 ) ,  2 9 %  (p < 0 .0 0 5 )  a n d  
2 5 %  (p < 0 .0 0 5 ) ,  re s p e c tiv e ly .
T ab le  6 .4
S ta t in  s tu d y : M e a n  (±  S D ) fa s tin g  lip id  an d  lip o p ro te in  le v e ls  fo llo w in g  p la c e b o  an d  
sta tin  tre a tm e n t
P L A C E B O S T A T I N
p la s m a  T A G  (m m o l/ L ) 2 .0 0  ±  0 .7 2 1 . 6 6  ± 0 . 6 3 *
p la s m a  c h o le s te r o l  (m m o l/ L ) 7 .9 7  ± 1 . 1 2 5 .6 9  ± 0 . 8 2 * * *
p la s m a  c h o le s te r o l  e s t e r  (C E ) (m m o l/ L ) 4 .7 5  ± 1 . 5 3 3 .5 5  ± 0 . 7 8 * * *
C M  f r a c t io n  ( S f  > 4 0 0 )  T A G  (m m o l/ L ) 0 .0 2  ± 0 . 0 2 0 .0 1  ± 0 . 0 1
C M  f r a c t io n  ( S f  > 4 0 0 )  C E  (m m o l/ L ) 0 .0 1  ±  0 .0 3 0 .0 1  ± 0 . 0 1
C M  f r a c t i o n  ( S f  > 4 0 0 )  a p o  B - 4 8  (ttg/m l) 0 .0 3  ±  0 .0 2 0 .0 3  ± 0 . 0 1
V L D L  f r a c t io n  ( S f  2 0 - 4 0 0 )  T A G  (m m o l/ L ) 0 .8 2  ± 0 . 5 4 0 .6 4  ± 0 . 4 4
V L D L  f r a c t io n  ( S f  2 0 - 4 0 0 )  C E  (m m o l/ L ) 0 . 1 5  ± 0 . 1 1 0 . 1 1  ± 0 . 0 8
V L D L  f r a c t io n  ( S f  2 0 - 4 0 0 )  a p o  B - 4 8  (i/g/ml) 0 .4 2  ±  0 .3 0 0 .3 0  ± 0 . 2 0
* p  < 0 .0 5  an d  * * *  p <  0 .0 0 5  c o m p a re d  to  p la c e b o  trea ted  su b jects
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6.5.2 Plasma, C M  (Sf > 400) and VLDL (Sf 20-400) TAG
T h e  p la sm a , C M  and  V L D L  T A G  tim e  c o u rse  p ro fi le  is sh o w n  in  F ig u re  6 .4 ,  and  
v a lu e s  a re  g iv e n  in  T ab le  6 .a , in  A p p e n d ix  V . In g en era l, the  T A G  p ro fi le  in p la sm a  
an d  in th e  lip o p ro te in  fra c tio n s  w a s  s im ila r in b o th  stud ies. F o llo w in g  p la ce b o  
tre a tm e n t, th e  m ean  (± S D ) fa s tin g  T A G  le v e l w a s  2 .0 0  (± 0 .7 2 )  m m ol/L, ris in g  to  a  
p e a k  v a lu e  o f  4 .7 9  (± 2 .3 7 )  m m ol/L  at the 6  h r tim e  p o in t, w ith  le v e ls  fa lle n  to  3 .6 0  (±
3 . 1 7 )  m m ol/ L  at th e  en d  o f  th e  s tu d y  (9  h r tim e  p o in t) . F o llo w in g  statin  trea tm e n t, th e  
m ean  fa s tin g  p la sm a  T A G  v a lu e  w a s  1 .6 6  (± 0 .6 3 )  m m ol/L, ris in g  to  3 .9 8  (± 1 .7 0 )  
m m ol/L a t th e  s ix  h r  tim e  p o in t, w ith  le v e ls  fa llen  to  2 .5 0  (± 1 . 1 6 )  m m ol/L at 9  hr. 
T h ere  w a s  n o  s ig n ifica n t d iffe re n c e  b e tw een  th e  p e a k  p la sm a T A G  v a lu e s  b e fo re  an d  
a f te r  s ta tin  trea tm e n t, and  th ere  w a s  n o  sig n ifican t d iffe re n c e  in  p o s tp ra n d ia l p ro file s  as  
sh o w n  b y  re p e a te d  m easu res  an a lysis  o f  v a ria n c e . T h e  A U C , as sh o w n  in  T ab le  6 .5 ,  
w a s  n o t  s ig n ifica n tly  d iffe ren t, a lth o u g h  th e re  w a s  a  tren d  to w a rd s  a  re d u c e d  p la sm a  
T A G  A U C  fo l lo w in g  statin  trea tm e n t (p = 0 .0 9 ) .
T h e  C M  T A G  p ro fi le  w a s  v ir tu a l ly  id e n tic a l fo r  bo th  a rm s o f  th e  s tu d y . P ea k  C M  
T A G  v a lu e s  w e r e  n o te d  a t th e  6  h r  tim e  p o in t fo llo w in g  p la ce b o  an d  s ta tin  trea tm e n t, 
w ith  v a lu e s  o f  0 .5 9  (± 0 .4 1 )  m m ol/L an d  0 .4 7  (±  0 .4 8 )  m m ol/L, re s p e c tiv e ly . T h ere  
w a s  no  s ig n ific a n t d iffe re n c e  in  th e  C M  T A G  A U C  as sh o w n  in  T a b le  6 .5 .
T h e  tim e  c o u rse  p ro fi le  o f  V L D L  T A G  d isp la y ed  sim ila r p a tte rn s  b e fo re  an d  a f te r  
statin  trea tm e n t. F o llo w in g  p la c e b o  trea tm en t, fa s tin g  V L D L  T A G  v a lu e s  w e re  0 .8 2  
(± 0 .4 5 )  m m ol/L, an d  re a ch e d  a  p e a k  v a lu e  o f  2 .2 5  (± 1 .3 9 )  m m ol/L a t th e  6  h r  tim e  
p o in t, an d  fe l l  to  1 .2 8  (± 1 .5 9 )  m m ol/L a t th e  9  h r tim e p o in t. F o llo w in g  statin  
t re a tm e n t, fa s tin g  v a lu e s  w e re  0 .6 4  (± 0 .4 4 )  m m ol/L an d  p e a k e d  a t  a  v a lu e  o f  1 .6 8  (±  
0 .9 0 )  m m ol/L  a t  th e  6  h r tim e p o in t and  fe l l  to  0 .9 0  (± 0 .6 0 )  m m ol/L a t th e  9  h r  tim e  
p o in t.. T h e re  w a s  a  s ig n ifica n t re d u c tio n  (p < 0 .0 1 )  in  the  9  h r  V L D L  T A G  A U C  
fo l lo w in g  s ta tin  trea tm en t, as sh o w n  in  T a b le  6 .5 .
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F ig u r e  6 .4  L in e  g ra p h s  s h o w in g  t r ia c y lg ly c e r o l  (T A G )  c o n c e n tra t io n s  in  (a) p la s m a , (b )  
c h y lo m ic r o n  (C M ) ( S f  > 4 0 0 )  an d  (c) V L D L  ( S f  2 0 - 4 0 0 )  f ra c t io n s . T h e  s o l id  l in e  re p re s e n ts  
s u b je c ts  f o l lo w in g  p la c e b o  tre a tm e n t a n d  th e  d a s h e d  l in e  fo l lo w in g  4  w e e k s  o f  ‘ s ta t in ’ 
tre a tm e n t. V a lu e s  re p re s e n t  m e a n  +/- S E M , n  = 2 0 .
a) plasma TAG
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6 .5 .3 .  P la s m a ,  C M  ( S f  > 4 0 0 ) ,  V L D L  ( S f  2 0 - 4 0 0 )  a n d  I n f r a n a t a n t  ( S f  < 2 0 )  
R E
T h e  tim e  c o u rse  p ro file s  o f  p la sm a, C M , V L D L  and  in fra n a ta n t R E  c o n c e n tra tio n s  
is  sh o w n  in  F ig u re  6 .5  and  the  va lu es  g iven  in  T ab le  6 .b , in A p p e n d ix  V . T h e  R E  
p ro fi le s  in  a ll th e  fra c tio n s  sh o w e d  a  g ra d u a l in c rease , w ith  to p  v a lu e s  m e a su red  a t th e  
la s t  sam p lin g  tim e  p o in t o f  th e  p o s tp ra n d ia l s tu d y . T h e  p la sm a  R E  c o n c e n tra t io n  h ad  
a m ea n  (±  S D )  m a x im u m  v a lu e  o f  6 .6 1  (± 6 . 1 0 )  Mg/ml in  the  p la ce b o  tre a te d  g ro u p  and  
5 .5 0  ( ± 4 .6 8 )  wg/ml fo llo w in g  statin  trea tm en t. T h ere  w a s  no s ig n ifica n t d iffe re n c e  in  
th e  p e a k  p la s m a  R E  v a lu e s  b e tw e e n  the  tw o  arm s o f  th e  stu d y. T h e  A U C , as sh o w n  in 
T a b le  6 .5 ,  w a s  n o t s ig n if ic a n tly  d iffe re n t, a lth o u g h  th ere  w a s  a  tren d  to w a rd s  a re d u c e d  
p la sm a  R E  A U C  fo llo w in g  statin  trea tm e n t (p = 0 .0 7 ) .
T h ere  w a s  n o  sig n ifica n t d iffe re n c e  in C M , V L D L  and in fra n a ta n t R E  p e a k  v a lu e s  
o r  A U C  (s h o w n  in  T a b le  6 .5 ) ,  b e tw e e n  th e  tw o  arm s o f  th e  s tu d y . In th e  C M  
f ra c t io n , p e a k  v a lu e s  o f  0 .9 2  (±  0 .8 4 )  ugjm l an d  0 .6 4  (± 0 .6 7 )  Mg/ml w e re  n o te d  
fo llo w in g  p la c e b o  an d  statin  trea tm e n t, re s p e c tiv e ly . T he V L D L  R E  p e a k  v a lu es  in  th e  
p la c e b o  an d  statin  tre a te d  arm s o f  the  s tu d y  w a s  n o te d  to  be 2 .2 8  (±  2 .2 5 )  wg/ml an d  
2 . 1 1  (±  2 .2 7 )  wg/ml, re sp e c tiv e ly . In th e  in fra n a ta n t fra c tio n , R E  p e a k  v a lu es  in  th e  
p la c e b o  an d  s ta tin  tre a te d  arm s o f  th e  s tu d y  w a s  n o te d  to  be  0 .2 2  (±  0 .3 0 )  wg/ml an d  
0 .2 4  (± 0 .5 )  Mg/ml, re sp e c tiv e ly .
6 .5 .4 .  C M  ( S f  > 4 0 0 )  a n d  V L D L  ( S f  2 0 - 4 0 0 )  A p o  B - 4 8
T h e  tim e  c o u rse  p ro file s  o f  C M  an d  V L D L  ap o  B -4 8  c o n c e n tra tio n s  is sh o w n  in  
F ig u re  6 .6  an d  th e  v a lu e s  g ive n  in  T ab le  6 .c , in  A p p e n d ix  V . F o llo w in g  p la c e b o  
tre a tm e n t, th e  m ean  (± S D ) fa s tin g  apo  B - 4 8  co n c e n tra tio n  w a s  0 .0 3  (±  0 .0 2 )  Mg/ml, 
r is in g  g ra d u a lly  to  p e a k  a t 0 .2 5  (±  0 .2 9 )  Mg/ml a t th e  6  h r  tim e  p o in t. L e v e ls  th en  fe ll  
to  0 .0 7  (± 0 . 1 0 )  Mg/ml, a t  th e  en d  o f  th e  p o stp ra n d ia l stu d y. F o llo w in g  sta tin  
tre a tm e n t, fa s tin g  C M  apo  B - 4 8  le v e ls  w e re  0 .0 3  (± 0 .0 1 )  ugjm l, r is in g  g ra d u a lly  to  
p e a k  a t 0 .2 0  (± 0 .2 4 )  Mg/ml a t th e  6  h r tim e  p o in t and  fa lle n  to  0 .0 3  (±  0 .0 3 )  wg/ml a t  
th e  e n d  o f  th e  p o s tp ra n d ia l s tu d y . T h ere  w a s  n o  s ig n ifican t d iffe re n c e  in th e  p e a k
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F ig u r e  6 . 5  L in e  g ra p h s  s h o w in g  r e t in y l  e s te r  (R E ) c o n c e n tra t io n s  in  (a) p la s m a , (b) c h y lo m ic ro n  
(C M ) ( S f  >  4 0 0 ) ,  (c )  V L D L  ( S f  2 0 - 4 0 0 )  a n d  (d) in fra n a ta n t  ( S f  < 2 0 )  f r a c t io n s .  T h e  s o l id  l in e  
re p re s e n ts  s u b je c ts  fo l lo w in g  p la c e b o  tre a tm e n t a n d  th e  d a sh e d  l in e  fo l lo w in g  4  w e e k s  o f  ‘ s ta t in ’ 
tre a tm e n t. V a lu e s  re p re s e n t  m e a n  +/- S E M , n  =  2 0 .
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Figure 6.6 L in e  g ra p h s  s h o w in g  a p o lip o p ro te in  (a p o ) B-48 c o n c e n tra t io n s  in  (a) c h y lo m ic r o n  (C M )  
( S f  > 400) an d  (b ) V L D L  ( S f  20-400) f r a c t io n s  o f  p la sm a . T h e  s o lid  l in e  r e p re s e n ts  s u b je c ts  
fo l lo w in g  p la c e b o  tre a tm e n t an d  th e  d a sh e d  l in e  fo l lo w in g  4 w e e k s  o f  ‘ s ta t in ’ tre a tm e n t. V a lu e s  
re p re s e n t  m e a n  +/- S E M , n =  20.
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va lu e s  o r  th e  A U C  o f  C M  ap o  B - 4 8 ,  b e tw e e n  th e  tw o  arm s o f  th e  s tu d y  (sh o w n  in 
T a b le  6 .5 ) .
F o llo w in g  p la ce b o  trea tm en t, th e  fa stin g  V L D L  apo  B - 4 8  c o n c e n tra t io n  w a s  0 .4 2  
(±  0 .3 0 )  ug/m l and  sh o w e d  a  g ra d u a l r is e  in th e  f i r s t  3  h r o f  th e  m ea l to  re a ch  a v a lu e  
o f  0 . 5 4  (±  0 .2 5 )  Mg/ml, fo l lo w e d  b y  a  sharp  in c rease  to  0 .9 9  (± 0 .4 3 )  Mg/ml a t th e  6  h r  
tim e  p o in t, an d  fe ll to  0 .7 6  (± 0 .6 2 )  wg/ml, a t th e  en d  o f  th e  p o s tp ra n d ia l stu d y . 
F o llo w in g  s ta tin  trea tm e n t, fa s tin g  le v e ls  w e re  0 .3 0  (± 0 .2 0 )  wg/ml, w ith  a  g ra d u a l r is e  
to  a  p e a k  v a lu e  o f  0 .6 9  (±  0 .4 5 )  Mg/ml a t th e  6  h r  tim e p o in t, an d  fe ll  to  0 .4 4  (± 0 .3 4 )  
Mg/ml a t  th e  e n d  o f  th e  s tu d y . T h ere  w a s  a  s ig n ifica n t d iffe re n c e  in th e  p e a k  V L D L  
a p o  B - 4 8  v a lu e s  (p < 0 .0 5 ) ,  an d  in  th e  A U C  (p < 0 .0 1 )  b e tw een  th e  tw o  arm s o f  th e  
s tu d y . T h e  v a lu e s  fo r  th e  A U C  is  sh o w n  in T ab le  6 .5 . T h e  tim e c o u rse  p ro fi le  w a s  
s im ila r in  th e  tw o  arm s o f  th e  s tu d y  u n til th e  4  h r, a t w h ich  p o in t o n ly  th e  p la c e b o  
t re a te d  su b je c ts  co n tin u ed  to  sh o w  sharp  rise . T he d iffe ren c e  in  th e  A U C  w a s  n o te d  
m a in ly  in  th e  la te r  p o stp ra n d ia l p e rio d , a fte r  the  4  h r  tim e  p oin t.
6 .5 .5 .  A p o  B - 4 8  D is t r ib u t io n  in  V L D L 1  ( S f  1 0 0 - 4 0 0 ) ,  V L D L 2  ( S f  6 0 - 1 0 0 )  
a n d  V L D L 3  ( S f  2 0 - 6 0 )  S u b f r a c t io n s
T h e  p o s tp ra n d ia l d is trib u tio n  o f  ap o  B -4 8  in  iso la te d  V L D L  su b fra c tio n s  is sh o w n  
in  F ig u re  6 .7  an d  v a lu es  g ive n  in T ab le  6 .d , in  A p p e n d ix  V . F o llo w in g  p la c e b o  
tre a tm e n t, th e  m ean  (± S D ) fa s tin g  ap o  B - 4 8  co n c e n tra tio n  in th e  V L D L 1  ( S f  1 0 0 -  
4 0 0 )  fra c t io n  w a s  fo u n d  to  be 0 .2 3  (± 0 . 1 9 )  Mg/ml, ris in g  to  p e a k  a t a  v a lu e  o f  0 .5 6  (±  
0 .3 3 )  Mg/ml, a t  the  3  h r  tim e  p o in t, then  g ra d u a lly  fa llin g  to  0 .3 1  (± 0 . 1 5 )  wg/ml a t  th e  
9  h r tim e  p o in t. T h e  p o s tp ra n d ia l p ro fi le  w a s  s im ila r fo llo w in g  s ta tin  trea tm e n t.  
F astin g  a p o  B - 4 8  v a lu es  w e re  0 . 1 4  (± 0 .0 8 )  ug)m l, an d  p e a k e d  a t a  v a lu e  o f  0 .4 8  (±  
0 .4 4 )  wg/ml a t  th e  3  h r  tim e  p o in t. T h e re  w a s  n o  sig n ifican t d iffe re n c e  in  V L D L 1  ap o  
B - 4 8  p e a k  le v e ls  and  A U C , as sh o w n  in  T ab le  6 .5 .
F o llo w in g  p la ce b o  trea tm e n t, th e  m ean  (± S D ) fa stin g  ap o  B - 4 8  c o n c e n tra t io n  in  
th e  V L D L 2  ( S f  6 0 - 1 0 0 )  fra c tio n  w a s  fo u n d  to  b e  0 .2 8  (± 0 .0 5 )  wg/ml, r is in g  to  p e a k  a t  
a  v a lu e  o f  0 .4 2  (± 0 .2 5 )  Mg/ml, a t th e  6  h r tim e  p o in t, then  fa llin g  to  0 .3 2  (± 0 . 1 8 )  
wg/ml a t  th e  9  h r  tim e  p o in t. T h e  p o stp ra n d ia l p ro fi le  fo llo w in g  s ta tin  tre a tm e n t  
s h o w e d  a  fa s tin g  apo  B - 4 8  v a lu e  o f  0 .2 1  (± 0 .0 5 )  wg/ml, w ith  a  sm a ll p e a k  v a lu e  o f
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Figure 6.7 Line graphs showing apolipoprotein (apo) B-48 concentrations in (a) VLDL 1 (Sf 100-400), 
(b) VLDL 2 (Sf 60-100) and (c) VLDL 3 (Sf 20-60) fractions of plasma. The solid line represents 
subjects following placebo treatment and the dashed line following 4 weeks of ‘statin’ treatment. Values 
represent mean +/- SEM, n = 8.
240
0.28 (± 0.07) Mg/ml at the 3 hr time point. There was a significant difference between 
the peak values (p < 0.05) and in the AUC (p < 0.05) of the two arms of the study, as 
shown in Table 6.5.
Following placebo treatment, the mean (± SD) fasting apo B-48 concentration in 
the VLDL3 (Sf 20-60) fraction was found to be 0.29 (± 0.11) wg/ml, rising to peak at a 
value of 0.44 (± 0.15) wg/ml, at the 3 hr time point, then falling to 0.35 (± 0.18) wg/ml 
at the 9 hr time point. The postprandial profile following statin treatment showed a 
fasting apo B-48 value of 0.26 (± 0.10) wg/ml, with a peak value of 0.35 (± 0.11) 
wg/ml at the 6 hr time point. There was a significant difference between the peak 
values (p < 0.05) and in the AUC (p < 0.05) of the two arms of the study, as shown in 
Table 6.5.
6.5.6, AUC of Assessed Parameters
The results of the computed 9 hr AUC of the assessed parameters in plasma and 
the various lipoprotein fractions is shown in Table 6.5. All units of measurement are 
given and significant differences between placebo and statin treatment are indicated.
241
Table 6.5 Statin study: Mean (± SD) AUC of assessed parameters
PLACEBO STATIN
Plasma
TAG (mmol/L.hr) 33.33 ±15.17 27.88 ±9.90#
Cholesterol (mmol/L.hr) 73.17 ±7.38 52.42 ±7.38 ***
CE (g/L.hr) 3078 ± 657 2291 ±391 ***
RE (Mg/ml. hr) 25.58 ±18.82 19.82 ± 11.53 @
CM Fraction
TAG (mmol/L.hr) 1.20 ± 0.46 1.12 ±0.28
CE (g/L.hr) 142 ± 29 92 ±21
RE (wg/ml.hr) 3.12 ±2.65 2.58 ± 2.47
Apo B-48 (Mg/ml.hr) 1.31 ±1.16 0.91 ±0.24
VLDL Fraction
TAG (mmol/L.hr) 8.95 ±1.69 6.32 ± 0.99 **
CE (g/L.hr) 522 ±93 417 ±79 **
RE (wg/ml.hr) 8.55 ±6.17 7.40 ±4.75
Apo B-48 (wg/ml.hr) 6.30 ±1.67 4.85 ±1.55 **
VLDL Subfractions
VLDL1 Apo B-48 (wg/mLhr) 3.55 ± 0.72 3.43 ± 2.30
VLDL2 Apo B-48 (wg/ml.hr) 3.17 ±0.44 2.68 ± 0.38 *
VLDL3 Apo B-48 (wg/ml.hr) 3.63 ±0.82 2.82 ±0.73*
Infranatant
RE (wg/ml.hr) 1.15 ±1.52 1.14 ±2.27
# indicates p = 0.09, @ indicates p = 0.07, * p < 0.05, ** p < 0.01 and *** p < 0.005 
compared with subjects following placebo treatment.
To convert cholesterol values from mmol/L to mgldl, multiply by 38.6. The 
corresponding conversion factor for TAG is 88.9. CE (mgldl) is obtained from the 
equation [total cholesterol (mgldl) - free cholesterol(mgldl)] x 1.86.
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6.6. DISCUSSION
Angiographic trials have demonstrated that the atherosclerotic process can be 
favourably modified by reducing levels of LDL-C (Davidson, 1993). The HMG CoA 
reductase inhibitors are the most potent agents available for lowering LDL-C levels, 
yielding reductions of about 20-40% (Gotto, 1993). More recently, however, an 
improved understanding of the atherogenic process has suggested additional strategies 
by which this disease process may be inhibited. The small CM-R, a specific 
component of lipoprotein metabolism, appears to have a direct atherogenic potential 
(Hamsten, 1993). Given the potential importance of remnant lipoproteins to the 
pathogenesis of atherosclerosis, an understanding of the factors regulating their uptake 
from plasma is of obvious importance. The application of quantitative apo B-48 
determination in addition to RE and TAG, in various lipoprotein fractions enables an 
understanding of the metabolic fate of the core contents as well as the apolipoprotein 
coat of these particles. This study was designed, therefore, to test the hypothesis that 
in subjects with elevated plasma LDL-C, CM-R clearance can be modulated by therapy 
with HMG CoA reductase inhibitors. The process by which CM-R are internalised into 
the liver, might be regulated, as is the case with LDL particles (Brown et al., 1981). 
The key findings of this study are summarised below. Following four weeks of HMG 
CoA reductase treatment, the subjects displayed:
- highly significant reductions in the fasting and postprandial plasma cholesterol and 
CE levels,
- significant reductions in postprandial TAG, CE and apo B-48, in the VLDL 
(Sf 20-400) lipoprotein fraction,
- significant reductions in postprandial CM-R, as measured by apo B-48 AUC, in the 
Sf 20-60 and Sf 60-100 VLDL subfractions of plasma and
- a clear discordance in apo B-48 and RE time course profiles.
The results of the present study show highly significant reductions in fasting 
plasma cholesterol, CE and TAG of 29%, 25% and 17% respectively, following statin 
treatment. Reductions in the postprandial plasma AUC of cholesterol, CE, TAG and 
RE of 28% (p < 0.005), 26% (p < 0.005), 16% (p = 0.09) and 23% (p = 0.07)
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respectively, were noted. In addition, marked significant reductions in the postprandial 
VLDL (Sf 20-400) TAG, CE and apo B-48 AUC of 61%, 20% and 23% respectively, 
indicate the potency of this form of lipid lowering therapy.
The intention of the present study was to determine the metabolism of CM and 
CM-R following HMG CoA reductase inhibitor therapy. The changes in the CM 
fraction were minor and did not reveal prominent changes in the present study. It 
would be expected that TAG, RE and apo B-48 concentrations in the CM fraction (Sf 
> 400) would be approximately twice that of the VLDL fraction (Sf 20-400). 
However, the results of the present study showed that there appeared to be more 
TAG, RE and apo B-48 in the VLDL fraction. A probable explanation is that of loss 
of a significant proportion of CM following the ultracentrifugation procedure. Caution 
should therefore be applied in interpreting the CM (Sf > 400) data. Nevertheless, the 
present study provides a detailed analysis of CM-R since the VLDL fraction, the main 
fraction of interest as far as this study is concerned, appears to be intact.
Conceptually CM metabolism occurs in two distinct phases, i.e. hydrolysis of 
TAG, followed by the removal of the relatively CE-enriched CM-R, but 
experimentally, it is difficult to distinguish the stage at which these particles become 
remnants. The rate at which the first stage, i.e. hydrolysis of core TAG occurs 
determines, in the first instance, the plasma half-life of the CM particle (Berr et al., 
1985). In the present study, overall plasma and Sf > 400 TAG AUCs were not 
significantly reduced following statin treatment, indicating that the first phase of CM 
metabolism, hydrolysis of core TAG by peripheral LPL action, was unchanged by 
treatment. The findings of unchanged apo B-48 and RE in the Sf > 400 fraction 
corroborate the conclusion that differences in intravascular processing of CM particles 
are unlikely to be the main reason for the differences in the clearance of these particles 
following HMG CoA reductase inhibitor treatment. These findings are limited by the 
obvious loss of all components of the Sf > 400 fraction. As such these conclusions 
have to be confirmed by future studies.
On the other hand, CM-R, as determined by apo B-48 concentrations, in the Sf 20- 
400 fraction showed a significant reduction following HMG CoA reductase inhibitor 
treatment. As CM-R still contain significant amounts of TAG, accelerated remnant 
clearance should result in lower late-phase plasma and Sf < 400 TAG concentrations.
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These findings were borne out, completely, in the present study. Although the 
differences in the TAG time course profile are, in part, due to a reduction in TAG 
associated with VLDL, the apo B-48, RE and TAG time course profiles show 
differences only in the late postprandial phase. Taken together, therefore, there is little 
evidence that the first phase of CM metabolism was altered by HMG CoA reductase 
therapy.
There is evidence to suggest that the significantly reduced CM-R (as determined by 
apo B-48 AUC in the Sf 20-400 fraction) after treatment with HMG CoA reductase 
therapy, reflects a difference in the rate of clearance of these particles rather than in 
rates of absorption and production of CM into the systemic circulation. The initial rate 
of increase of apo B-48 was similar over the first three hours after the test meal, with 
divergence between pre and post treatment profiles occurring towards the later 
postprandial period. The fact that the rate of rise of apo B-48 in the early postprandial 
period was similar, the fact that the time to peak was similar and finally, the fact that 
the later apo B-48 levels on HMG CoA reductase treatment, declined more rapidly 
than before treatment, all argue against any effect of HMG CoA reductase inhibitors 
on intestinal CM secretion into plasma. These observations were mirrored in the TAG 
profile in the Sf 20-400 fraction.
An important limitation in the present argument requires comment. Clearance of 
CM-R has been judged both by apo B-48 and by TAG and RE AUCs, assuming that 
HMG CoA treatment does not alter lipid or retinol absorption. None of the study 
subjects showed signs of fat malabsorption or major gastro-intestinal upset on taking 
the active drug. There have been no reports regarding absorption of fatty acids or 
retinol; but cholesterol balance on lovastatin has been studied by Grundy and Bilheimer 
(1984), and only modest decreases in cholesterol synthesis was observed.
Improved clearance of CM-R following HMG CoA reductase inhibitor treatment 
has been shown in patients with mild hyper-triacylglycerolaemia and increased apo B 
levels (Cianflone et al., 1990) and in familial combined hyperlipidaemia (Castro- 
Cabezas et al., 1993). The findings of the present study are in accordance with these 
reports.
The mechanism for the increased clearance of CM-R is not established in the 
present study. The elimination of CM-R is predominantly dependent on apo E ligand
245
function (Mahley et al., 1989), the putative apo E recognising LRP (Hussain et al., 
1991), HL activity (Sultan et al., 1990) and inhibitory factors like apo C proteins 
(Ginsberg et al., 1986). LPL, in addition to its established role in the intravascular 
hydrolysis of CM, has also been shown to enhance binding of apo E-containing 
lipoproteins to the LRP (Beisiegel et al., 1991).
Various possibilities exist for enhanced CM-R clearance with HMG CoA reductase 
treatment in subjects with primary hypercholesterolaemia. Castro-Cabezas et al. (1993) 
found increased LPL activity following simvastatin treatment in a group of subjects 
with FCH. Whether increased clearance of CM-R is due to upregulation of the 
putative CM-R receptor, the LRP, or the apo B, E LDL receptor is not known. As 
HMG CoA reductase inhibitors have an established role in the upregulation of the B, E 
receptor (Stein et al., 1990), and as the LRP does not appear to be regulated (Van 
Lenten et al., 1985), the possibility remains that following HMG CoA reductase 
inhibitor treatment, increased CM-R uptake may have been caused by upregulated 
LDL receptors.
In the VLDL fraction (Sf 20-400) significant reductions in apo B-48, TAG and 
CE were found. Vega et al. (1990) showed that pravastatin therapy decreased the rate 
of apo B-100 containing particles in subjects with moderate hypercholesterolaemia, 
and Arad et al. (1990) similarly showed that lovastatin reduced the production of 
hepatic apo B-100 containing VLDL in subjects with primary hyperlipidaemia. Castro- 
Cabezas et al. (1993) found that treatment with simvastatin reduced plasma cholesterol 
and apo B-100 levels in subjects with FCH. The present study extends these findings 
and suggests that in addition to reductions in VLDL particle number, there appears to 
be a significant reduction in CM-R, providing evidence for an additional mechanism 
whereby HMG CoA reductase inhibitors appear to correct the increased risk of 
atherosclerosis in hyperlipidaemic subjects. The significance of reduced apo B 
concentrations was emphasised by Brown et al. (1990) who demonstrated that there 
was regression of coronary atherosclerotic lesions after strict reduction of cholesterol 
and plasma apo B levels, in patients with hyperlipidaemia.
The findings of the present study, which demonstrated a postprandial apo B-48 
peak at the 6 hr time point are not concordant with those of another recent report of 
Castro-Cabezas et al. (1994). They showed that there was a constant apo B-48
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postprandial response in the d < 1.006 g/ml in untreated subjects with FCH, and 
suggested that there was a delayed clearance of apo B-48 CM and large CM-R. These 
findings were based on densitometric scanning of SDS-PAGE bands following silver 
staining. The results presented clearly demonstrated the limitations of this 
methodology and the assay which they used appeared not to be sensitive enough to 
detect small changes in apo B-48. Apart from methodological differences, in the 
present study, the subjects were a mixed group with primary hyperlipidaemia, and were 
not limited to those afflicted with FCH, as was the case in the study of Castro-Cabezas 
et al. (1994).
The division of CM-R into the relatively larger and smaller sizes in the 
postprandial period appears to be important, and has been shown to be associated with 
separate aspects of the atherosclerotic process. In the present study, separation of 
CM-R into Sf 100-400, Sf 60-100 and Sf 20-60, allowed distinction between larger 
and smaller CM-R. No significant reduction was noted in the larger CM-R of Sf 100- 
400 fraction, after HMG CoA reductase treatment. Patsch et al. (1983) suggested an 
inverse link between CM-R, HDL-C and CHD; recently, Karpe et al. (1993c) showed 
a strong inverse correlation between postprandial accumulation of these large CM-R 
(Sf 60-400) and fasting HDL-C.
Does the study of the distribution of the smaller CM-R (Sf 20-100) have any 
relevance to the atherogenic process? In the present study, HMG CoA reductase 
treatment produced significant reductions in the smaller CM-R fractions i.e. Sf 60-100 
and Sf 20-60. Karpe et al. (1994) measured apo B-48 and apo B-100 in fractions of 
postprandial TRL from patients with CAD who had previously undergone two 
coronary angiographies with an intervening period of at least five years. They found 
that small CM-R of the Sf 20-60 fraction was the only parameter significantly related 
to the rate of progression of CAD. Although interpretation of this finding is not 
straightforward, it does suggest the possibility of a direct causal relationship between 
CM-R and CAD. Early in vitro studies by Zilversmit (1979) and in vivo work in 
animal models (S tender & Zilversmit, 1982) have suggested that CM-R are formed on 
the surface endothelium of arteries and the cholesterol content of these particles 
become incorporated into the arterial wall, stimulating the process of atherogenesis. 
Rapp et al. (1994) isolated TRL from human atherosclerotic plaques, and showed that
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these particles were similar to that found in plasma. However, they failed to 
demonstrate the presence of apo B-48 in these particles.
In the present study, the discordant kinetics of the postprandial RE profile 
compared with the apo B-48 is clearly demonstrated. The RE in all fractions analysed 
showed a progressive increase in concentration to the 9 hr time point. The apo B-48 
profile on the other hand showed peak concentrations at the 6 hr time point in the Sf > 
400 and the Sf 20-400 fractions. The data reported here supports the view that apo 
B-48 measurements are more sensitive and probably more reliable for studies of the 
metabolism of CM and CM-R. A limitation of the present study was that the sampling 
time points and the duration of the postprandial study was inadequate to fully 
characterise postprandial RE metabolism. Ideally the sampling period should have 
been longer because the RE curve was still considerably above baseline and may still 
have been rising. In addition, the sampling interval should have been closer at the later 
time points to more accurately define the actual RE peak time.
Also, the apo B-48 AUC in the Sf 20-400 fraction was significantly reduced 
whereas that of RE in the similar fraction was unchanged after HMG CoA reductase 
inhibitor treatment. A possible explanation for this difference in the AUC between the 
CM markers is that the postprandial study was terminated prematurely. Differences in 
the RE profile were emerging towards the later postprandial time points. As discussed 
in the previous chapter, there appears to be a delay, of between two and four hours, in 
the time course profiles of apo B-48 and TAG with that of RE. Differences in the RE 
AUC after treatment could possibly be shown if the postprandial study period was 
extended.
The loss of CM particles during the ultracentrifugation procedure is a possibility 
because of the affinity of CM particles to the sides of ultracentrifugation tubes, 
resulting in failure of collection of these particles. The loss was evident because the 
sum of the TAG concentrations in the CM and VLDL fractions was much lower than 
the plasma TAG concentration, although the majority of circulating plasma TAG is 
carried in these lipoproteins. Another possibility which was considered was that of 
degradation of CM particles because of transportation from Bath to Guildford. Both 
apo B-48 and RE require rigorous sample handling procedures, apo B-48 requires 
preservative addition, and RE samples require to be protected from light. These
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precautions were taken, and together with the finding of relatively low TAG 
concentrations in the CM fraction, suggest loss, rather than degradation of CM 
particles. These suspicions were borne out when the present investigator enquired 
about the CM isolation procedure, which was carried out at the Royal United Hospital, 
Bath. CM loss was thought to occur as the ultracentrifuge tubes were filled to the top 
of the tube and capped. Following the ultracentrifugation, inadequate attention was 
given to retrieving CM particles left on the cap of the tube.
6.7. CONCLUSION
The present study is an example of a collaborative effort between two laboratories 
with differing skills and assay capabilities, addressing separate aspects of the effects of 
HMG CoA reductase treatment. The primary investigators were based in Bath and 
were tasked with the assessment of a new HMG CoA reductase inhibitor drug, soon to 
be available for patient use. Subject recruitment, screening, conduct of the postprandial 
studies and importantly, the isolation of the lipoprotein fractions was carried out at 
Bath University Hospital. I am grateful to Dr JPD Reckless, Ms Christine Stirling and 
Ms Cally Jefferiss who kindly provided all samples, as well as some of the lipid results.
One of the roles played by our Unit at Guildford, was to advise on the standardised 
test meal and the conditions for the postprandial study. The focus of our laboratory 
was on the effects of HMG CoA reductase inhibitors on CM and CM-R metabolism. 
As this was not the primary efficacy parameter in the overall scheme of the study, there 
were some limitations, particularly with the interpretation of the retinyl ester data. It 
was brought to the attention of the principal investigator that a prolonged postprandial 
period was required to fully characterise the postprandial RE response. Unfortunately, 
in the overall scheme of the study, this was not deemed of sufficient importance to 
warrant an extended postprandial period. Also there appeared to be problems, 
particularly with the isolation of buoyant CM, as this is a skilled procedure, best 
performed in centres in which the procedure is routine. RE determination in the VLDL
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subfractions was not carried as the number of isolated fractions and the variety of 
assays carried out, limited sample availability.
CM-R and LDL are the two major routes by which cholesterol reaches the liver. 
LDL uptake has been shown to be inversely related to the rate at which the cell 
synthesises cholesterol (Brown et al., 1981). Application of this knowledge has 
resulted in the clinical use of a potent class of lipid lowering drugs - the HMG CoA 
reductase inhibitors. The process by which the hepatocyte takes up the CM-R is much 
less well understood, and the data from the present study support the hypothesis that 
CM-R uptake appears to be similarly regulated. Further work on the mechanistic basis 
of the clearance of CM-R is warranted, and may ultimately stimulate research and 
availability of a new class of remnant lipoprotein lowering drugs. In any case, this 
pilot study showed that HMG CoA reductase inhibitors, in addition to well established 
effects on plasma lipids, influence the metabolism of CM and CM-R. This appears to 
be an additional anti-atherosclerotic property of these drugs.
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C H A P T E R  7
G E N E R A L  D I S C U S S I O N
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A great deal of recent evidence indicates that chylomicron (CM) metabolism is 
abnormal in individuals at a greater risk of coronary heart disease (CHD); much of this 
evidence is based on the finding of an exaggerated postprandial response to a fat load 
in such individuals. Zilversmit in 1979 proposed that the remnants of CM (CM-R) are 
atherogenic. Epidemiological and clinical trial evidence that triacylglycerol (TAG)-rich 
lipoproteins (TRL) may be particularly atherogenic is supported by the recent 
association of postprandial levels of CM-R with progression of intrusive coronary 
artery lesions.
According to the Zilversmit hypothesis CM-R are atherogenic in any individual, 
irrespective of the individual’s TAG metabolic capacity. Here, the only target for 
intervention would be at the level of dietary intake. An extension of this hypothesis, as 
proposed by Patsch and Meisenbock is the ‘TAG intolerance hypothesis’, which, in 
contrast, not only focuses on dietary intake, but extends to the phase thereafter, i.e. the 
individual’s efficiency in transporting dietary lipids. Here, the optimum situation is one 
in which TAG accumulation in the postprandial phase can be avoided, such that 
endogenous cholesterol ester (CE) remains in high density lipoprotein (HDL) and low 
density lipoprotein (LDL). Although a picture is now taking shape in which low TAG 
metabolic capacity imparts coronary artery disease (CAD) risk, the definitive 
epidemiological proof of the role of TAG intolerance as an independent CAD risk 
factor, as ascertained in the postprandial state must be established.
Chapter 3 addressed the influence of habitual exercise on the postprandial lipaemic 
response to differing fat loads. Apo B-48 was measured by separation on sodium- 
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) followed by 
Western blotting and detection by enhanced chemiluminescene (ECL). Each 
postprandial profile of eleven time points required the use of one complete gel and 
about two working days to analyse. The method required numerous manipulative 
stages and did not lend itself favourably to the processing of large numbers of samples. 
In addition, only samples from the TRL fraction could be applied on the gel. The 
infranatant contained far too much protein to enable adequate electrophoretic 
separation. This limited analysis of samples from the exercise study to the TRL 
fraction. Due to these limitations, apo B-48 determination was, at best, semi- 
quantitative. Nevertheless, an important finding that emerged from the study was that
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there appeared to be a possibility that active subjects are capable of producing larger 
CM, as evidenced by a constant apo B-48 response over increasing fat loads. This 
adaptive mechanism, presumably enables more efficient CM metabolism. This focuses 
attention towards the possibility that adaptive change in enterocyte metabolism may 
influence an individual’s capacity to metabolise lipids, postprandially. This has to be 
substantiated in future studies, with a study design focusing on the early postprandial 
events during CM synthesis. Application of the newer apo B-48 enzyme-linked 
immunosorbant assay (ELISA) should assist in the clarification of issues such as these.
The findings of the exercise study in Chapter 3, suggest future work could focus 
on the accurate assessment of the level of fitness of active subjects (in terms of type, 
intensity and duration of exercise) with division according to activity levels, in an 
attempt to identify if a threshold level exists whereby the benefits of exercise on 
lipoprotein metabolism become apparent
Additional studies are required to determine the individual and interactive roles of 
diet and exercise on postprandial lipoprotein metabolism. Whether exercise or diet 
exerts the dominant effect is a difficult issue to resolve and probably depends on the 
level of exercise and the state of energy balance of the subjects studied.
In Chapters 4 and 5, the subject population studied were middle aged NIDDM 
subjects. The same nine subjects were used in both studies, with Chapter 4 comparing 
the postprandial profile of these subjects to a group of matched controls. Chapter 5 
addressed the effects of an established fibrate (Bezafibrate Retard) on the postprandial 
metabolism of these subjects. This division into the two chapters assisted in the clarity 
of the presentation as comparisons were made between two instead of three variables. 
One drawback of such a division is that there was no direct comparison between 
fibrate treated NIDDM subjects with the matched controls, to examine the extent to 
which these drugs corrected the prevailing abnormalities inherent in NIDDM subjects.
From the findings of both the NIDDM chapters, fibrate treatment can be seen to 
correct much of the abnormal fasting lipid parameters in these subjects. Fasting TAG 
and apo B-48 levels were decreased, but not fully corrected to the extent of the control 
subjects. An interesting finding was that fibrate therapy in NIDDM subjects produced 
a plasma retinyl palmitate (RP) time course profile which was virtually superimposable 
onto that of the control profile. Fibrate therapy resulted in a conspicuous delay in the
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time to peak for plasma, TRL and infranatant RP. On balance, the findings of the 
NIDDM studies indicate abnormalities in the early postprandial phase, suggesting 
aberration in CM assembly and synthesis in these subjects.
An intriguing physiological phenomenon was the appearance of two postprandial 
peaks in the TRL fraction of healthy subjects, recruited as controls for the NIDDM 
study, in Chapter 4. The double peak was demonstrated with apo B-48 and TAG, but 
not with RP. These double peaks were found only in healthy subjects and not in the 
NIDDM subjects, either before or after fibrate treatment. As discussed in Chapters 1 
and 4, the appearance of multiple peaks is a recognised phenomenon when TAG 
measurements are taken. Current knowledge suggests that the peaks are of intestinal 
origin. Clearly more experimental work is needed to further characterise the nature of 
these postprandial peaks. A study could be designed to feed subjects similar fat loads 
on successive occasions: the first time as a mixed meal following an overnight fast, the 
second time as a mixed meal in the non-fasting state and a third time in the form of a 
liquid in the non-fasted state. This would establish the influence of meal composition 
and the pre-prandial state on the occurrence of multiple postprandial peaks. In 
addition, subjects in the non-fasted state could be given the same mixed meal 
containing RP on 2 successive occasions. If the hypothesis of the existence of a pre­
formed pool of CM was valid, one would expect to see a single late RP peak after the 
first meal and both an early and a late RP peak after the second meal. After each meal 
there should be two apo B-48 peaks. Obviously such an investigation would require 
strict nutritional assessment and very good compliance from the subjects.
In Chapter 6 another group of subjects with the metabolic disorder of hyper­
cholesterolaemia were studied. This was a collaborative effort for which we were able 
to obtain ultracentrifuged fractions of CM-R, enabling speculation of the effect of 3- 
hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitors on the 
metabolism of these particles. An unfortunate problem with this study appeared to be 
the loss of CM during the ultracentrifugation procedure. This is not uncommon and 
could possibly be one of the many reasons why the detection and quantitation of these 
particles remain an enigma. Nevertheless, the study provided valuable insights into the 
change brought about by drug therapy on the metabolism of CM-R. The present study 
is important as the interpretation of the findings from previous studies involving the
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use of HMG CoA reductase inhibitors on hyperlipidaemic subjects was with RP, and 
may have been subject to misinterpretation. Important new findings of the present 
study indicate that the metabolism of small CM-R (Sf 20-60 and Sf 60-100 fractions) is 
enhanced with HMG CoA treatment. On balance, there is evidence that this is due to 
enhanced removal of these particles from circulation.
In Chapter 6 of the thesis, due to considerations of the overall scheme of the study, 
the later postprandial time points were taken only at 6 and 9 hr. In terms of the RE 
response patterns, the later time points, especially between 6 and 12 hr are important 
to fully investigate the claim that there is substantial transfer of RE to non-CM 
lipoproteins, at these later time points. The inadequacy in the timing of blood samples 
was highlighted to our research collaborators in Bath, but other considerations ruled 
out a prolonged postprandial period, with more frequent blood sampling.
An interesting comparison can be made from the findings of the studies of fibrate 
treated NIDDM subjects and the statin treated hypercholesterolaemic subjects. 
Fibrates appear to influence and correct the aberrations in the early events of CM 
synthesis in NIDDM subjects whereas the statins appear to influence the uptake of the 
CM-R. A possible future study could involve the study of the clearance of CM-R, by 
the method adopted by Berr & Kern (1985) where they harvested RP labelled CM and 
re-injected them into the study subjects after 42 hr to study the rate of clearance of 
these particles.
In the general design of postprandial studies, the concept of a fat load test appears 
rational, and akin to the oral glucose tolerance test, it provides an index of exposure of 
lipid and lipoprotein components to the endothelial surfaces of the systemic 
vasculature. Patsch proposed that the measurement of postprandial TAG 
concentrations between 6 to 9 hr after a fat challenge provides a sensitive discriminator 
of CAD risk. This may well prove to be a useful lipid screen. The possibility of 
establishing a tolerance test raises the important issue of standardisation of procedures 
and techniques. An observation made during the course of reviewing the literature in 
the field indicates that there is no consensus on fundamental methodological issues in 
postprandial studies. The nature of the postprandial response is dependent on the test 
meal. Discordant findings between research groups may well have arisen due to 
differences in the test meals employed. Moreover, consideration has to be given to the
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energy content of the meal in terms of carbohydrate and protein content, and the form 
of the fat load i.e. a solid or a liquid meal.
Vitamin A loading techniques have been criticised lately, in part due to the delay in 
the time to peak between retinyl palmitate (RP) and TAG responses. Standardisation 
in the nature and the dose of vitamin A given may help achieve more consistent results. 
There are currently two forms of vitamin A for oral consumption; an aqueous, soluble 
form which is given as retinol and an oil based form which is normally given as retinyl 
palmitate. The amount of the substance given varies from 100,000 to 350,000 RJ.
The timing for blood sampling is crucial in postprandial studies. Frequent sampling 
has the advantage of a more accurate reflection of the time course profile, but 
necessarily requires greater numbers of investigators and equipment to cope with the 
increased sample load. A point to be remembered is that the accuracy of the ‘time to 
peak’ value for any postprandial response is dependent on the sampling interval.
Arising from the findings of recent work from established researchers in the field of 
postprandial metabolism, (Cohn et al., 1988b; Schneeman et al., 1993 and Karpe et al., 
1993a), there appears to be a significant postprandial increase in apo B-100, at least in 
certain lipoprotein fractions of plasma. This accumulation of presumably 
hepatogenous very low density lipoproteins (VLDL) during postprandial 
hyperlipidaemia reflects either increased secretion of these particles by the liver, or 
impaired catabolism. On balance, evidence suggests that there is a temporary delay in 
VLDL clearance, as CM-TAG hydrolysis and CM-R clearance takes precedence and 
dominates the mechanisms involved in postprandial TRL clearance. It appears that 
undue prominence is given to the postprandial VLDL component despite evidence 
which suggests that CM particles dictate postprandial events. Also, Schneeman et al. 
(1993) suggest that 80% of the increase in postprandial TAG is due to CM.
Our research group has identified the requirement to develop a specific assay for 
apo B-100 to complement our existing apo B-48 assay. An apo B-100 ELISA is 
currently being validated in the laboratory. Application of such an assay, would enable 
definitive answers to the roles of the intestine and the liver, to a fat challenge.
Do CM-R actually enter the endothelium of blood vessels and play a direct role in 
the atherosclerotic process? This is a fundamental question, as yet unresolved because
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of a limitation in a satisfactory method of determination of apo B-48. It is obvious 
that the possession of a specific antibody to apo B-48 puts our research group in an 
ideal position to explore this issue. An example of an elegant study would be to 
demonstrate the presence of intact apo B-48 in ileal cells (as a control measure), in 
monocyte-macrophages, and in atherosclerotic plaque tissue. This could be done by 
staining these tissues with a suitably labelled form of anti-apo B-48 and, if necessary, 
using an amplification system. The work of Rapp et el. (1994), demonstrating the 
deposition of TRL in human arterial walls, has stimulated interest towards this area of 
immuno-histology. As mentioned in an earlier chapter, it would have been useful to 
have applied our apo B-48 antibody to the tissue sections used by the above mentioned 
group. A comparison between the presence of apo B-48 in atherosclerotic tissue 
between NIDDM and non-NIDDM subjects may prove interesting.
The present investigator has initiated a collaborative study to address this issue. It 
has been suggested by Karpe (personal communication) that it appears that the 
concentration of circulating CM/CM-R is far too low to be of any significance in the 
atherosclerotic process. However, bearing in mind the capacity of these particles to 
transport enormous amounts of neutral lipid, it should be remembered that for every 
molecule of apo B-48, a delivery of upto 60,000 sterol molecules to the arterial intima 
could occur. This disturbing possibility clearly warrants investigation.
Lipoprotein metabolism is a closely integrated multi-component system which 
makes it extremely difficult for the biochemist to study. It is clear that atherogenesis is 
a multi-disciplinary topic. Some clear examples of this include recently identified links 
between lipoproteins and thrombogenesis - apo(a) and homology to plasminogen 
(Dahlen et al., 1988), and the association between postprandial TRL metabolism and 
plasminogen activator inhibitor (PAI-1) (Stiko-Rahm et al., 1990). To obtain a more 
complete understanding of the mechanisms involved, an array of investigative tools 
needs to be made available. Unfortunately such work is difficult to achieve for 
individual centres in isolation. Therefore the best way forward would seem to lie with 
greater resources and collaboration between centres of excellence.
Recent emphasis in the studies of plasma lipoprotein metabolism has focused on 
the molecular biological aspects of this field of study. Indeed, most research grant 
applicants tend to include an aspect dealing with genetic regulation, in an attempt to
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bolster chances of success. There is no question that this new biological tool has made 
a tremendous impact in the advancement of the field of lipidology. Gene mutations, 
either occurring as a natural event, or more importantly, laboratory induced, as with 
transgenic or ‘knockout’ animal models, help in understanding the functions of 
individual components in lipoprotein metabolism. However, the danger with
‘runaway’ advanced technology, is that research into the understanding of basic 
metabolic processes may be compromised by researchers who abandon the traditional 
methods of investigation for newer techniques.
Most individuals who suffer from premature CHD do not appear to exhibit specific 
gene mutations, although a genetic basis is thought to underlie all forms of primary 
hyper-cholesterolaemia. Indeed, most patients with premature CHD do not 
demonstrate dramatically elevated plasma lipids. Instead, more subtle changes with 
only modest elevations of the established lipid risk factors appear to be important. The 
classical example of this is the problem of mildly elevated fasting plasma TAG 
concentrations, and subtle changes in LDL, in terms of composition of the small, dense 
variety of LDL, rather than an actual increase in levels. The strong association 
between the atherogenic lipoprotein phenotype (ALP) and CAD risk (Griffin et al., 
1994) highlights the point that not enough attention has been given towards a 
therapeutic aim of correcting the quality of lipoproteins as opposed to correcting the 
amount of circulating lipoprotein cholesterol.
Studies on the distribution of the remnant receptor, the low density lipoprotein 
related receptor protein (LRP), in human tissues has revealed its presence in various 
cell types, including the liver, monocyte-derived-macrophages and the central nervous 
system. The finding that there is induction of LRP during the maturation process of 
the monocyte-macrophage, provides yet another piece of evidence suggesting a link 
between lipoprotein remnants and the atherosclerotic process (Watanabe et al., 1994). 
Bu et al. (1994) found an abundance of LRP in cortical neurons, and suggest that the 
function of the LRP is tightly regulated in the brain, and is probably important in 
neuronal lipoprotein metabolism. It is interesting to note the existence of an intimate 
relationship between apo E and the LRP, and the association between certain apo E 
phenotypes and Alzheimer’s disease.
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Lipoprotein lipase (LPL) is a good example of a protein with a new found 
function. Traditionally this enzyme has been viewed as the initiator of CM and VLDL 
TAG hydrolysis, principally confined to endothelial surfaces of skeletal muscle and 
adipose tissue. Recent emerging evidence suggest that the enzyme attaches itself to the 
lipoprotein and functions as a ligand for hepatic extraction of these particles. This 
concept of LPL involvement in TRL clearance should prompt a re-think of the 
significance of initial TRL particle lipolysis. This suggests that initial hydrolysis and 
subsequent clearance of these particles may be regulated by LPL. As both these 
processes of CM-TAG hydrolysis and CM-R clearance appear to be mediated by LPL 
and hepatic lipase (HL), identification of ligand(s) between CM-R and these lipolytic 
enzymes should shed some light on TRL clearance mechanisms, with potential 
therapeutic application. A point of interest is that in the NIDDM study in Chapter 4, 
no significant correlation was found between LPL activity and indices of CM-R i.e. 
infranatant apo B-48 and RP. This suggests that LPL activity is not a limiting factor in 
the clearance of CM-R in NIDDM. An LPL assay which measured the mass of the 
protein, rather than a functional assay, as performed by our laboratory, would 
probably have been more appropriate. In her review, Beisiegel (1995) clearly showed 
that the ligand binding role of LPL is distinct and unrelated to enzymatic activity of the 
protein. The corollary is that combined determination of LPL protein mass and 
activity appears warranted in future studies.
An ever-increasing body of evidence supports active intervention in patients with 
dyslipidaemia. Newly formulated recommendations call for evaluation of and 
treatment decisions based on not only total cholesterol and LDL-C levels but also 
HDL-C and TAG levels. HDL-C determinations are now encouraged as part of 
routine coronary risk assessment in healthy adults. In addition, both HDL-C and TAG 
measurements are recommended in patients with CAD disease, cardiovascular risk 
factors, or potentially atherogenic disorders such as hypertension or diabetes.
Active drugs are now more numerous and offer unprecedented efficacy in reducing 
total cholesterol and LDL-C. We now have more evidence than ever to support 
therapeutic intervention towards lowering high total cholesterol levels in patients with 
dyslipidaemia. Clinical trials clearly show that the aggressive treatment of hyper­
cholesterolaemia decreases the incidence of cardiovascular events, including fatal
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myocardial infarction and improves overall survival in patients who have coronary 
artery disease.
Future management may include novel agents that inhibit different steps in lipid 
metabolism or in cholesterol biosynthesis, drugs that modify the lipoproteins 
themselves rather than change their concentrations, and drugs that protect the vessel 
wall from atherogenesis. Pharmacological regulation of the remnant receptor- the 
LRP, is an attractive future strategy.
The studies presented in this thesis provide a new insight into lipoprotein 
metabolism in the postprandial state. They indicate that CM and CM-R can be 
quantified and their properties characterised. In addition, the use of dietary retinol to 
mark CM-R appears to provide an incomplete view of early postprandial changes and 
accumulating evidence suggests that this view may also be somewhat distorted in the 
later postprandial period. Studies in various metabolic disorders suggest that CM/CM- 
R metabolism may be altered at any stage of their residence in circulation, and that 
therapeutic interventions appear to improve CM-R clearance, presumably by the 
remnant receptor, whose regulation has not been fully investigated.
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Figure 2.a
1) The xenon flash lamp is energised at different power levels. The system automatically 
sets the flash level to compensate for any variation. A constant light intensity is produced 
for all absorbance measurements.
2) The light beam is focused by passing through inlet optics.
3) The light beam then passes through selected interference filters.
4) The light beam then reflects off a deviating mirror and lands on a beam splitter.
5) 10% of the light is directed to a photodiode to set an electronic background for the
absorbance measurement
6) 90% of the light passes through a second mirror and is re-focused by optical lenses, 
through a cuvette and onto a photodiode, generating an electrical signal.
7) The signal is passed on to an analogue-to-digital converter to obtain absorbance 
values.
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Table 3.a
Exercise study: Postprandial plasma triacylglycerol concentrations (mean ± SD) in the
active and inactive groups following meals of 20 g, 40 g and 80 g fat content
TIME (hours) PLASMA TAG (mmol/L) 
20 g FAT MEAL
ACTIVE INACTIVE
-10 0.87 ± 0.20 0.88 ±0.14
0 0.80 ±0.17 0.82 ±0.14
0.5 0.88 ± 0.20 0.84 ±0.15
1 0.98 ±0.18 0.96 ±0.14
2 0.99 ± 0.27 1.05 ± 0.25
3 1.02 ±0.23 1.39 ±0.31
4 1.04 ±0.24 1.51 ±0.38
5 0.99 ± 0.24 1.34 ±0.31
6 0.94 ±0.19 1.04 ±0.20
7 0.84 ±0.12 0.92 ±0.12
8 0.80 ±0.14 0.99 ± 0.42
TIME (hours) PLASMA TAG (mmol/L) 
40 g FAT MEAL
ACTIVE INACTIVE
-10 0.85 ±0.19 0.89 ±0.18
0 0.79 ± 0.22 0.85 ±0.20
0.5 0.83 ±0.19 1.01 ± 0.35
1 0.93 ± 0.23 1.13 ±0.37
2 1.04 ±0.30 1.23 ± 0.35
3 1.09 ±0.33 1.47 ± 0.47
4 1.08 ±0.35 1.44 ±0.41
5 1.02 ±0.22 1.35 ±0.34
6 0.88 ±0.21 1.22 ±0.39
7 0.83 ±0.11 1.24 ±0.38
8 0.87 ± 0.36 1.07 ± 0.39
TIME (hours) PLASMA TAG (mmol/L) 
80 g FAT MEAL
ACTIVE INACTIVE
-10 0.82 ±0.29 0.87 ± 0.22
0 0.75 ± 0.25 0.94 ±0.42
0.5 0.82 ± 0.28 0.87 ± 0.24
1 1.04 ±0.28 1.30 ±0.47
2 1.52 ±0.25 1.60 ±0.23
3 1.21 ±0.41 1.92 ±0.31
4 1.18 ±0.32 1.62 ±0.16
5 1.09 ±0.25 1.28 ±0.24
6 1.00 ±0.20 1.36 ±0.36
7 0.91 ± 0.09 1.22 ±0.31
8 0Mit0.23 1.24 ±0.40
Table 3.b
Exercise study: Postprandial plasma NEFA concentrations (mean ± SD) in the active
and inactive groups following meals of 20 g, 40 g and 80 g fat content
TIME (hours) PLASMA NEFA (mmol/L) 
20 g FAT MEAL
ACTIVE INACTIVE
-10 0.62 ± 0.38 0.65 1 0.35
0 0.6110.42 0.5910.16 '
0.5 0.36 ± 0.27 0.31 ±0.17
1 0.2210.15 0.1910.10
2 0.1510.09 0.1310.12
3 0.1310.08 0.2310.17
4 0.1310.09 0.2610.16
5 0.2110.11 0.2410.17
6 0.4010.22 0.341 0.24
7 0.7410.28 0.48 10.38
8 0.67 10.42 0.7210.34
TIME (hours) PLASMA NEFA (mmol/L) 
40 g FAT MEAL
ACTIVE INACTIVE
-10 0.5210.53 0.67 10.28
0 0.58 10.44 0.6410.27
0.5 0.4010.42 0.4210.33
1 0.2310.17 0.3910.20
2 0.1910.13 0.2210.14
3 0.1610.12 0.2510.17
4 0.1710.11 0.3310.23
5 0.2210.12 0.3010.09
6 0.3210.21 0.3410.13
7 0.6910.47 0.47 10.26
8 0.6810.46 0.7010.37
TIME (hours) PLASMA NEFA (mmol/L) 
80 g FAT MEAL
ACTIVE INACTIVE
-10 0.5610.29 0.6410.22
0 0.511 0.27 0.55 10.28
0.5 0.2410.12 0.4010.12
1 0.2310.17 0.3110.09
2 0.341 0.21 0.3710.13
3 0.2610.21 0.49 10.20
4 0.3710.28 0.43 10.30
5 0.3110.17 0.38 10.29
6 0.4110.14 0.37 10.29
7 0.5410.27 0.4010.20
8 0.5M0.26 0.4610.18
Table 3.c
Exercise study: Postprandial TRL apolipoprotein B-48 concentrations (mean ± SD)
in the active and inactive groups following meals of 20 g, 40 g and 80 g fat content
TIME (hours) TRL APO B-48 (wg/ml) 
20 2 FAT MEAL
ACTIVE INACTIVE
-10 0.33 ± 0.34 1.84 ±4.55
0 0.34 ±0.50 0.45 ± 0.68
0.5 3.00 ± 2.95 0.68 ± 0.85
1 9.16 ±12.09 4.47 ± 6.55
2 16.62 ±14.45 13.47 ±1 6.66
3 31.78 ±36.36 38.71 ±39.51
4 34.09 ± 52.37 72.11 ±47.07
5 13.81 ± 14.77 43.49 ±49.32
6 16.26 ±23.87 17.78 ±35.12
7 3.26 ± 3.78 4.21 ±4.67
8 4.87 ±6.73 3.33 ± 6.23
TIME (hours) TRL APO B-48 (wg/ml) 
40 g FAT MEAL
ACTIVE INACTIVE
-10 0.77 ±0.80 3.61 ± 6.25
0 1.43 ±2.83 2.28 ± 5.26
0.5 4.30 ±5.88 16.63 ±25.90
1 19.05 ±11.49 25.13 ±40.44
2 16.67 ± 12.33 23.93 ±24.87
3 19.53 ±19.75 69.40 ± 62.28
4 40.39 ±25.64 55.24 ± 48.40
5 19.33 ±17.00 38.80 ±52.16
6 7.48 ±11.12 47.91 ±78.62
7 5.63 ± 7.07 41.88 ±79.24
8 14.14 ±22.88 22.45 ±28.37
TIME (hours) TRL APO B-48 (wg/ml) 
80 g FAT MEAL
ACTIVE INACTIVE
-10 0.64 ±1.49 2.98 ± 6.69
0 0.37 ± 0.64 1.09 ±1.22
0.5 4.75 ± 6.42 24.24 ±48.96
1 35.76 ±22.31 54.43 ± 68.26
2 28.60 ±26.03 77.22 ± 69.46
3 21.91 ±24.91 76.27 ±74.68
4 13.37 ±17.63 68.16 ±65.42
5 19.07 ±27.30 30.23 ±28.35
6 5.75 ±4.81 29.92 ±32.03
7 6.97 ± 6.30 41.02 ±45.24
8 13.434 21.18 27.66 ± 36.69
Table 3.d
Exercise study: Postprandial TRL retinyl palmitate concentrations (mean ± SD) in the
active and inactive groups following meals of 20 g, 40 g and 80 g fat content
TIME (hours) TRL RP (wmol/L) 
20 g FAT MEAL
ACTIVE INACTIVE
-10 0 0
0 0 0
0.5 0 0
1 0 0.05 ±0.13
2 0.24 ±0.42 0.88 ± 0.69
3 0.37 ± 0.48 2.59 ±0.85
4 0.62 ±0.58 2.62 ±0.95
5 1.08 ±0.42 2.41 ±1.96
6 1.54 ±0.46 3.25 ± 1.25
7 0.38 ±0.74 1.37 ±0.77
8 0.61 ±0.69 1.29 ±0.82
TIME (hours) TRL RP (wmol/L) 
40 g FAT MEAL
ACTIVE INACTIVE
-10 0 0
0 0 0
0.5 0 0
1 0.06 ±0.16 0
2 0.82 ±0.85 1.00 ±0.61
3 1.05 ± 0.93 3.22 ±1.25
4 1.54 ±1.48 3.39 ±2.31
5 1.33 ± 0.69 3.26 ± 1.56
6 2.22 ±0.69 3.94 ±1.70
7 1.34 ±0.82 3.59 ±1.27
8 1.29 ± 0.45 2.34 ±1.25
TIME (hours) TRL RP (wmol/L) 
80 g FAT MEAL
ACTIVE INACTIVE
-10 0 0
0 0 0
0.5 0 0
1 0.41 ± 0.40 0
2 1.92 ±0.87 1.34 ±0.34
3 3.44 ±0.93 4.55 ±2.17
4 3.66 ± 1.40 5.28 ± 1.88
5 4.26 ±1.78 5.05 ±2.39
6 2.15 ±1.19 5.35 ± 1.48
7 1.90 ±0.61 4.31 ± 1.01
8 1.09 ±0.64 1.92 ±0.85
Table 3.e
Exercise study: Postprandial TRL triacylglycerol concentrations (mean ± SD) in the
active and inactive groups following meals of 20 g, 40 g and 80 g fat content
TIME (hours) TRL TAG (mmol/L) 
20 g FAT MEAL
ACTIVE INACTIVE
-10 0.1310.09 0.1610.14
0 0.1410.11 0.1510.13
0.5 0.2110.16 0.2210.10
1 0.2610.12 0.3110.12
2 0.2410.08 0.38 10.22
3 0.3210.10 0.68 10.24
4 0.28 10.07 0.7610.31
5 0.2610.06 0.6010.38
6 0.2210.07 0.3210.15
7 0.1910.08 0.2710.12
8 0.1510.08 0.1910.06
TIME (hours) TRL TAG (mmol/L) 
40 g FAT MEAL
ACTIVE INACTIVE
-10 0.1110.09 0.1510.12
0 0.1210.09 0.1610.12
0.5 0.2510.15 0.38 10.34
1 0.3310.11 0.4110.28
2 0.3810.18 0.6210.32
3 0.4310.25 0.7110.38
4 0.4610.24 0.7010.31
5 0.37 10.21 0.6210.36
6 0.2810.10 0.63 1 0.48
7 0.261 0.09 0.63 10.35
8 0.2910.31 0.47 10.40
TIME (hours) TRL TAG (mmol/L) 
80 g FAT MEAL
ACTIVE INACTIVE
-10 0.1610.15 0.2010.19
0 0.1110.07 0.1610.10
0.5 0.1810.11 0.3010.16
1 0.4310.18 0.45 10.22
2 0.8210.18 0.8710.19
3 0.6510.33 1.0310.26
4 0.5310.31 0.9710.23
5 0.5410.38 0.6410.19
6 0.4110.09 0.5510.41
7 0.4010.14 0.6110.35
8 0.3610.18 0.6010.36
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Table 4.a
NIDDM and control study: Postprandial plasma apolipoprotein A-I concentrations
(mean ± SD) in the NEDDM and control groups
TIME (hours) PLASMA APO A-I (g/L)
NIDDM Control
-10 1.32 ±0.12 1.43 ±0.13
0 1.30 ±0.15 1.56 ±0.13
0.5 1.27 ± 0.21 1.47 ±0.15
1 1.30 ±0.12 1.46 ±0.18
3 1.26 ±0.09 1.40 ±0.15
5 1.19 ±0.09 1.46 ±0.15
7 1.22 ±0.06 1.43 ±0.05
9 1.21 ±0.09 1.36 ±0.08
11 1.21 ±0.12 1.40 ±0.10
12 1.23 ±0.06 1.48 ±0.10
Table 4.b
NIDDM and control Study: Postprandial plasma apolipoprotein B concentrations 
(mean ± SD) in the NIDDM and control groups
TIME (hours) PLASMA APO B (g/L)
NIDDM Control
-10 1.15 ±0.18 1.18 ± 0.12
0 1.25 ±0.15 1.22 ±0.12
0.5 1.22 ±0.21 1.16 ±0.15
1 1.02 ±0.12 1.18 ±0.18
3 1.20 ±0.09 0.99 ±0.15
5 1.13 ±0.09 1.09 ±0.15
7 1.12 ±0.06 1.10 ±0.05
9 1.13 ±0.09 1.10 ±0.08
11 1.14 ± 0.12 1.06 ±0.10
12 1.13 ±0.09 1.13 ±0.10
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Table 4.c
NIDDM and control study: Postprandial plasma glucose concentrations (mean ± SD)
in the NIDDM and control groups
TIME (hours) PLASMA GLU!COSE (mmol/L)
NIDDM Control
-10 8.5 ±2.5 5.0 ±0.5
0 8.5 ±2.5 4.9 ±0.8
0.5 10.2 ±2.4 8.6 ±0.9
1 13.8 ±3.7 8.7 ±2.0
2 13.9 ±5.2 8.4 ± 1.9
3 13.9 ±5.0 6.8 ±1.5
4 12.4 ± 4.2 5.6 ± 1.2
5 11.2 ±4.5 5.8 ±0.6
6 10.3 ±4.2 5.7 ± 0.4
7 10.2 ±4.6 5.4 ±0.5
8 9.7 ±3.8 5.4 ±0.4
9 9.7 ±4.1 5.5 ±0.6
10 9.3 ± 3.4 5.4 ±0.4
11 9.4 ±3.5 5.6 ± 0.4
12 9.5 ± 4.3 5.6 ±0.3
Table 4.d
NIDDM and control study: Postprandial plasma NEFA concentrations (mean ± SD) in
the NIDDM and control groups
TIME (hours) PLASMA NEFA (mmol/L)
NIDDM Control
-10 1.20 ±0.54 0.82 ±0.20
0 1.20 ± 0.54 0.73 ± 0.22
0.5 0.94 ± 0.57 0.70 ±0.16
1 0.88 ± 0.42 0.57 ±0.13
2 0.89 ±0.42 0.57 ±0.12
3 0.80 ± 0.37 0.51 ± 0.14
4 0.74 ±0.34 0.48 ± 0.05
5 0.78 ± 0.27 0.62 ±0.12
6 0.77 ± 0.30 0.86 ± 0.20
7 0.90 ± 0.39 0.78 ± 0.23
8 0.87 ± 0.38 0.76 ± 0.25
9 0.86 ±0.38 0.73 ±0.31
10 0.80 ±0.35 0.58 ± 0.26
11 0.72 ± 0.36 0.53 ±0.15
12 0.87 ± 0.37 0.47 ± 0.09
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Table 4.e
NIDDM and control study: Postprandial plasma cholesterol concentrations
(mean ± SD) in the NIDDM and control groups
TIME (hours) PLASMA CHOLESTEROL (mmol/L)
NIDDM Control
-10 5.2211.01 5.7710.91
0 5.3111.28 4.95 10.82
0.5 5.2911.15 5.53 10.97
1 5.3411.11 5.1210.72
2 5.0410.94 5.291 0.82
3 5.0811.01 4.9210.98
4 5.0211.23 5.33 1 0.62
5 4.9911.00 5.0911.25
6 4.93 11.28 5.1710.42
7 5.0711.25 5.1710.67
8 5.0911.08 5.0010.64
9 5.0910.93 4.9410.51
10 5.0711.31 5.1010.28
11 5.1111.22 5.1310.27
12 5.4611.22 5.0210.79
Table 4Jf
NIDDM and control study: Postprandial TRL and infranatant cholesterol 
concentrations (mean ± SD) in the NIDDM and control groups
TIME
(hours)
CHOLESTEROL (mmol/L)
TRL INFF1ANATANT
NIDDM CONTROL NIDDM CONTROL
-10 0.5910.38 0.1210.12 4.5011.08 5.2010.55
0 0.57 10.40 0.10 10.10 4.3011.08 5.0610.23
0.5 0.6010.61 0.2110.18 4.37 11.10 5.12 10.59
1 0.65 10.53 0.3110.27 4.0011.08 4.8610.57
2 0.77 10.54 0.27 10.28 3.9311.17 4.5110.67
3 0.7710.60 0.2310.16 3.9511.01 4.8610.76
4 0.73 10.54 0.2410.16 3.6810.89 4.6010.55
5 0.7210.61 0.33 10.26 3.8310.92 4.6710.63
6 0.6610.49 0.37 1 0.24 3.5910.96 4.7210.51
7 0.7110.55 0.3810.18 3.8911.25 4.5010.59
8 0.6010.70 0.1510.10 3.6111.14 4.421 0.55
9 0.5910.53 0.1510.09 3.8311.04 4.5110.45
10 0.6210.87 0.1110.04 4.0011.24 4.481 0.18
11 0.55 10.87 0.1310.09 4.0811.09 4.391 0.33
12 0.5210.87 0.1510.11 4.5311.03 4.561 0.74
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Table 4.g
N I D D M  and control study: Postprandial plasma triacylglycerol concentrations
(mean ± SD) in the N I D D M  and control groups
TIME (hours) PLASMA TRIACYLGLYCEROL (mmol/L)
NIDDM Control
-10 3.05 ± 1 .3 0 1.53 ±  0.72
0 3.05 ±1 .61 1.50 ± 0 .7 6
0.5 2.97 ±  1.26 1.64 ± 0 .8 6
1 3.21 ±  1.64 1.95 ± 0 .8 4
2 3.30 ±  1.57 1.96 ± 0 .6 9
3 3.44 ± 1 .4 4 1.89 ± 0 .8 7
4 3.35 ± 1 .5 9 2.03 ±  0.94
5 3.80 ±1 .91 2.15 ± 0 .9 5
6 4.06 ± 2 .1 4 1.98 ±0 .71
7 4.11 ± 2 .57 1.79 ± 0 .5 9
8 3.73 ±  2.24 1.63 ± 0 .6 2
9 3.55 ±2 .31 1.44 ±0 .5 5
10 3.39 ± 2 .58 1.29 ± 0 .3 4
11 3.20 ±2 .51 1.25 ± 0 .3 6
12 2.98 ± 2 .0 2 1.31 ± 0 .4 5
Table 4.h
NIDDM and control study: Postprandial TRL and infranatant triacylglycerol 
concentrations (mean ±  SD) in the NIDDM and control groups
TIME
(hours)
TRIACYLGLYCEROL (mmol/L)
TRL INFFLANATANT
NIDDM CONTROL NIDDM CONTROL
-10 1.65 ±1 .2 8 0.45 ±  0.56 1.98 ±0 .91 0.89 ±  0.08
0 1.39 ± 1 .1 0 0.31 ± 0 .2 6 1.74 ±0 .81 0.94 ± 0 .1 7
0.5 1.36 ±  1.15 0.68 ±  0.57 2.00 ±  1.09 0.99 ±  0.30
1 1.57 ±  1.22 1.02 ± 0 .7 4 1.72 ± 0 .8 0 0.99 ±  0.32
2 1.90 ± 1 .2 0 0.87 ±  0.59 1.71 ± 0 .85 0.98 ±  0.22
3 2.11 ± 1 .3 0 0.81 ± 0 .5 8 1.79 ±0 .7 3 1.11 ± 0 .3 4
4 2.12 ± 1 .4 0 0.84 ± 0 .5 8 1.77 ±0 .71 1.03 ±  0.21
5 2.23 ±  1.75 1.16 ±0 .7 8 1.76 ± 0 .6 6 1.09 ±  0.30
6 2.14 ± 1 .4 3 1.20 ± 0 .7 4 1.70 ±0 .8 9 1.07 ±  0.24
7 2.27 ± 1 .9 0 LOO ±  0.54 1.82 ± 0 .88 0.97 ±  0.24
8 1.82 ±2 .1 7 0.48 ±  0.30 1.74 ± 0 .7 6 0,91 ±  0.30
9 1.57 ±  1.63 0.41 ±0 .31 1.79 ±0 .88 0.97 ± 0 .1 9
10 1.49 ±  1.93 0.26 ±  0.09 1.83 ± 0 .8 2 0.91 ± 0 .2 7
11 1.25 ± 1 .8 4 0.36 ±  0.25 1.81 ± 0 .7 4 0.96 ±  0.27
12 1.39 ± 1 .9 7 0.38 ± 0 .4 2 1.90 ± 0 .8 4 0.96 ±  0.21
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Table 4.i
N I D D M  and control study: Postprandial plasma apolipoprotein B-48 concentrations
(mean ± SD) in the N I D D M  and control groups
TIM E (hours) PLASMA APOLIPOPROTEIN B-48 (wg/ml)
NIDDM Control
-10 4.20 ±2 .43 2.32 ± 0 .4 8
0 4.30 ±  2.09 2.16 ± 0 .7 5
0.5 4.63 ±  2.32 2.36 ±  0.3
1 4.88 ±3 .15 2.48 ±  0.67
2 5.42 ± 3 .78 2.51 ± 0 .3 2
3 5.93 ±  3.24 3.69 ±  0.69
4 6.15 ±2 .93 3.71 ±0 .91
5 4.85 ±  2.53 3.49 ± 1 .2 2
6 4.83 ±1 .67 2.42 ±  0.49
7 5.34 ±2 .31 2.09 ±  0.63
8 4.96 ±  2.28 2.24 ± 0 .61
9 5.25 ±  4.02 2.05 ±  0.73
10 5.07 ±  3.40 1.81 ± 0 .3 5
11 4.65 ±  2.95 1.56 ± 0 .3 3
12 4.25 ±  3.36 1.55 ± 0 .3 5
TABLE 4.j
NIDDM and control study: Postprandial TRL and infranatant apolipoprotein B-48 
concentrations (mean ±  SD) in the NIDDM and control groups
TIME
(hours)
APOLIPOPROTEIN B-48 (wg/ml)
TlR L INFSCANATANT
NIDDM CONTROL NIDDM CONTROL
-10 1.03 ±  1.04 0.42 ± 0 .4 4 3.02 ±2 .0 8 1.38 ± 0 .4 2
0 1.02 ±1 .01 0.48 ±  0.51 2.91 ± 2 .0 9 1.43 ±  0.30
0.5 1.19 ±0 .9 0 0.45 ±0 .27 3.05 ±2 .38 1.55 ±  0.43
1 1.39 ±1 .01 0.51 ±0 .78 3.10 ±1 .91 1.60 ±0 .6 1
2 1.79 ±  1.29 0.99 ± 0 .3 6 3.51 ±2 .31 1.51 ±0 .4 1
3 1.86 ±1 .13 0.84 ±0 .5 9 3.68 ± 2 .0 4 2.36 ±  0.72
4 1.65 ±  0.99 0.90 ±1 .0 9 3.50 ±2 .1 0 1.95 ± 0 .4 8
5 1.75 ± 1 .1 4 1.15 ±1 .0 8 3.10 ± 1 .28 1.77 ± 0 .5 1
6 1.49 ±  0.98 1.34 ± 0 .3 2 2.88 ±  0.77 1.49 ± 0 .4 3
7 1.54 ±  1.11 0.66 ±  0.37 3.55 ± 1 .5 2 1.37 ± 0 .5 5
8 1.27 ±1 .18 0.57 ±  0.29 3.11 ±1 .21 1.48 ± 0 .5 3
9 1.18 ±1 .05 0.44 ±0 .21 3.80 ±2 .67 1.48 ±  0.48
10 1.16 ±1 .3 0 0.29 ±0 .17 3.23 ±  1.92 1.22 ± 0 .2 4
11 0.98 ±1 .18 0.26 ±0 .11 3.42 ± 2 .0 9 1.08 ± 0 .2 7
12 0.91 ±  1.33 0.23 ± 0 .1 6 3.30 ±2 .2 9 1.13 ± 0 .2 2
303
Table 4.k
N I D D M  and control study: Postprandial plasma retinyl palmitate concentrations
(mean ± SD) in the N I D D M  and control groups.
TIM E (hours) PLASMA RP (wmol/L)
NIDDM Control
i o 0 0
0 0 0
0.5 0 0
1 1.5910 .53 0 .5 810 .21
2 4 .9111 .91 1 .4710 .57
3 7 .1 4 1 2 .1 4 2 .4 4 1 1 .3 4
4 8 .1 5 1 2 .3 9 4 .4 6 1 2 .0 1
5 7.48 12 .38 6 .3 7 1 2 .1 9
6 8 .0012 .88 7 .9 8 1 2 .5 0
7 8 .1212 .73 8 .1 0 1  1.55
8 6.56 1 2 .6 2 6 .4 4 1 2 .0 8
9 5 .2612 .21 4 .5 9 1 2 .1 1
10 4 .5 9 1 1 .6 5 3 .3 3 1 1 .4 8
11 3 .6311 .41 2 .2 6 1 0 .8 3
12 1 .8210 .49 1 .6 7 1 0 .4 4
Table 4.1
NIDDM and control study: Postprandial TRL and infranatant retinyl palmitate 
concentrations (mean ±  SD) in the NIDDM and control groups
TIME
(hours)
RP (wmol/L)
TRL INFFkANATANT
NIDDM CONTROL NIDDM CONTROL
-10 0 0 0 0
0 0 0 0 0
0.5 0 0 0 0
1 1 .2110 .39 0 .5 1 1 0 .2 4 0 0
2 3 .5 9 1 1 .2 9 1 .3410 .49 0 .7 410 .16 0
3 5 .1 1 1 1 .9 9 2 .1 8 1 0 .5 5 1 .0710 .32 0.23 1 0 .0 7
4 6 .2 1 1 2 .2 3 4 .0 1 1 1 .0 7 1 .3010 .47 0 .4 0 1 0 .0 6
5 5 .7 2 1 2 .2 3 5 .9 0 1 1 .1 0 1 .3710 .54 0.76 1 0 .3 2
6 5 .2 9 1 2 .2 2 6 .2 9 1 2 .2 6 2 .5 610 .93 1 .09 1 0 .4 7
7 5 .3 2 1 2 .3 9 5.65 1 1 .6 2 3 .3 011 .49 1 .4610 .57
8 4 .1 3 1 1 .2 3 4 .0 6 1 1 .3 6 2.23 1 0 .9 4 2 .1 4 1 1 .0 1
9 3.35 10 .97 2 .9 4 1 1 .0 5 2 .3 2 1 0 .9 0 2.58 1 0 .9 3
10 2 .8 2 1 0 .9 3 1 .5010 .40 2 .3 910 .65 2 .6 6 1 1 .5 3
11 2 .1 8 1 0 .8 5 1 .1810 .46 1 .4610 .43 1 .61 1 0 .6 7
12 0 .9 8 1  0.41 1 .0710 .27 1 .2510 .45 0 .6 3 1 0 .4 3
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Figure 5.a
Consent Form
Title of the Trial
The effect of fibrate drugs on the clearance and composition of postprandial 
triglyceride rich lipoproteins in non-insulin dependent diabetes mellitus
Objective
To determine the profile of postprandial changes in lipid parameters subsequent to six 
weeks of fibrate therapy in non-insulin dependent diabetics.
I agree to undergo the postprandial study on two separate occasions and to comply with 
the given drug schedules. The nature of the study has been explained to me by
and I have read and understood the study protocol in the Patient Information Sheet. I 
understand that I may withdraw from the study at any time without prejudice to my usual 
treatment.
Signed------------------------------------ -----------------------------------------
Name (please print)  ..............................................................................
Witnessed b y ------------------------------------------------------------------------
Name (please print)-------------------------------------------------------------
Date---------------------------
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Table 5.a
Bezafibrate study: Postprandial plasma apolipoprotein A-I concentrations
(mean ± SD) after placebo and bezafibrate treatment
TIM E (hours) PLASMA APO A-I (g/L)
Placebo Bezafibrate
-10 1.32 ± 0 .1 2 1.43 ± 0 .1 3
0 1.30 ± 0 .15 1.56 ±0 .1 3
0.5 1.27 ±  0.21 1.47 ±0 .1 5
1 1.30 ± 0 .1 2 1.46 ±0 .1 8
3 1.26 ± 0 .0 9 1.40 ±0 .1 5
5 1.19 ± 0 .0 9 1.46 ± 0 .1 5
7 1.22 ± 0 .0 6 1.43 ±0 .0 5
9 1.21 ±0 .0 9 1.36 ± 0 .0 8
11 1.21 ± 0 .1 2 1.40 ± 0 .1 0
12 1.23 ± 0 .0 6 1.48 ± 0 .1 0
Table 5.b
Bezafibrate study: Postprandial plasma apolipoprotein B 
concentrations (mean ±  SD) after placebo and bezafibrate treatment
TIM E (hours) PLASMA APO B (g/L)
Placebo Bezafibrate
-10 1.15 ± 0 .18 1.18 ± 0 .1 2
0 1.25 ± 0 .15 1.22 ± 0 .1 2
0.5 1.22 ± 0 .21 1.16 ±  0.15
1 1.02 ± 0 .1 2 1.18 ±0 .1 8
3 1.20 ±0 .0 9 0.99 ±0 .1 5
5 1.13 ±0 .0 9 1.09 ± 0 .1 5
7 1.12 ±0 .0 6 1.10 ±0 .0 5
9 1.13 ± 0 .0 9 1.10 ±0 .0 8
11 1.14 ± 0 .1 2 1.06 ± 0 .1 0
12 1.13 ±0 .0 9 1.13 ± 0 .1 0
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Table 5.c
Bezafibrate study: Postprandial plasma glucose concentrations
(mean ± SD) after placebo and bezafibrate treatment
TIM E (hours) PLASMA -GLUCOSE (mmol/L)
Placebo Bezafibrate
-10 8.5 ±  2.5 7.5 ± 2 .6
0 8.5 ± 2 .5 7.0 ± 2 .4
0.5 10.2 ± 2 .4 9.9 ± 3 .4
1 13.8 ± 3 .7 12.4 ± 3 .5
i 2 13.9 ± 5 .2 12.7 ± 4 .4
3 13.9 ± 5 .0 11.3 ± 3 .5
4 12.4 ± 4 .2 11.0 ± 4 .2
1 5 11.2 ± 4 .5 10.9 ± 4 .8
6 10.3 ±  4.2 10.6 ± 4 .6
7 10.2 ± 4 .6 10.0 ± 3 .8
8 9.7 ±  3.8 9.7 ± 3 .8
9 9.7 ± 4 .1 9.7 ±  3.5
10 9.3 ±  3.4 9.3 ±  3.4
11 9.4 ± 3 .5 9.3 ±  3.5
12 9.5 ±  4.3 9.5 ±  3.4
Table 5.d
Bezafibrate study: Postprandial plasma NEFA 
concentrations (mean ±  SD) after placebo and bezafibrate treatment
TIM E (hours) NEFA (mmol/L)
Placebo Bezafibrate
-10 1.20 ± 0 .5 4 0.64 ± 0 .2 5
0 1.20 ±  0.54 0.55 ± 0 .1 9
0.5 0.94 ±0 .57 0.51 ±0 .18
1 0.88 ±  0.42 0.45 ± 0 .1 2  I
2 0.89 ±  0.42 0.43 ±0 .13
3 0.80 ±0 .37 0.42 ± 0 .1 0
4 0.74 ± 0 .3 4 0.43 ±  0.09
5 0.78 ±  0.27 0.47 ±0 .13
6 0.77 ±  0.30 0.52 ± 0 .1 5
7 0.90 ±  0.39 0.50 ±0 .18
8 0.87 ±  0.38 0.50 ±0 .1 8
9 0.86 ±  0.38 0.46 ±0 .1 7
10 0.80 ±  0.35 0.42 ± 0 .1 6
11 0.72 ±  0.36 0.41 ± 0 .1 6
12 0.87 ±  0.37 0.54 ±  0.28
308
Table 5.e
Bezafibrate study: Postprandial plasma cholesterol
concentrations (mean ± SD) after placebo and bezafibrate treatment
TIM E (hours) CHOLESTEROL (mmol/L)
Placebo Bezafibrate
-10 5 .2211 .01 5 .7 1 1 1 .9 6
0 5 .3111 .28 5 .5 0 1 1 .7 4
0.5 5 .2911 .15 5 .8 3 1 1 .9 5
1 5 .3411 .11 5 .3 6 1 1 .7 7
2 5 .0 4 1 0 .9 4 5 .4 2 1 1 .8 7
3 5 .0811 .01 5 .2 9 1 1 .8 8
4 5 .0211 .23 5 .0 211 .51
5 4 .9 9 1 1 .0 0 5 .1 6 1 1 .6 3
6 4 .9 311 .28 4 .9 4 1 1 .6 3
7 5.07 11 .25 5 .0 2 1 1 .7 9
8 5 .0911 .08 5 .1 6 1 1 .5 9
9 5 .0910 .93 5 .2 9 1 1 .8 0
10 5 .0711 .31 5 .1 5 1 1 .6 7
11 5 .1 1 1 1 .2 2 5 .2 8 1 1 .4 9
12 5 .4 6 1 1 .2 2 5 .6 1 1 1 .6 9
Table 5.f
Bezafibrate study: Postprandial TRL and infranatant cholesterol concentrations (mean 
±  SD) after placebo and bezafibrate treatment
TIME
(hours)
CHOLESTEROL (mmol/L)
TRL INFFLANATANT
Placebo Bezafibrate Placebo Bezafibrate
-10 0 .5 910 .38 0.33 10 .33 4 .50 1 1 .0 8 4.97 1 1 .4 6
0 0.57 1 0 .4 0 0 .3 1 1 0 .2 2 4 .3011 .08 4.75 11 .0 8
0.5 0 .6010 .61 0.28 10 .20 4.37 1 1 .1 0 4 .7 0 1 1 .3 0
1 0.65 1 0 .53 0.37 10 .4 0 4 .0011 .08 4 .6 6 1 1 .2 2
2 0.77 1 0 .5 4 0 .451  0.50 3 .9311 .17 4 .2 9 1 0 .9 8
3 0.77 10 .6 0 0 .4 610 .40 3 .9511 .01 4 .3 1 1 1 .1 2
4 0.73 1 0 .5 4 0 .5110 .47 3 .6 8 1 0 .8 9 3 .9 9 1 1 .0 1
5 0 .7210 .61 0 .4910 .38 3 .8 3 1 0 .9 2 4 .0 3 1 1 .1 2
6 0 .6 6 1 0 .4 9 0 .4110 .37 3 .5 910 .96 4 .1 1 1 1 .0 4
7 0 .7 1 1 0 .5 5 0 .4210 .28 3 .8911 .25 4 .0 6 1 1 .3 0
8 0 .6 0 1 0 .7 0 0.28 10 .27 3 .6 111 .14 4 .2 1 1 1 .2 2
9 0 .5 9 1 0 .5 3 0.33 1  0.33 3.83 1 1 .0 4 4 .2 0 1  0.91
10 0 .6 2 1 0 .8 7 0.23 10 .21 4 .0 0 1 1 .2 4 4 .2 8 1 1 .1 2
11 0.55 10 .87 0 .1 410 .10 4 .0 8 1 1 .0 9 4 .5 1 1  1.22
12 0 .5 2 1 0 .8 7 0 .1 510 .12 4 .5 3 1 1 .0 3 4 .8 5 1 1 .2 5
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Table 5.g
Bezafibrate study: Postprandial plasma triacylglycerol
concentrations (mean ± SD) after placebo and bezafibrate treatment
TIM E (hours) TRIACYLGLYCEROL (mmol/L)
Placebo Bezafibrate
-10 3.05 ±  1.30 2.07 ±  0.89
0 3.05 ±1 .61 1.99 ± 0 .8 3
0.5 2.97 ±  1.26 2.10 ± 0 .9 4
1 3.21 ±  1.64 2.42 ±  1.02
2 3.30 ±  1.57 2.66 ± 1 .1 0
3 3.44 ± 1 .4 4 2.73 ±  1.26
4 3.35 ±1 .5 9 2.71 ±1 .1 8
5 3.80 ±1 .91 2.82 ±  1.02
6 4.06 ± 2 .1 4 2.92 ± 1 .1 3
7 4.11 ± 2 .57 2.73 ± 1 .2 4
8 3.73 ± 2 .2 4 2.53 ± 1 .1 3
9 3.55 ±2 .31 2.25 ± 1 .1 0
10 3.39 ± 2 .58 1.99 ± 0 .9 2
11 3.20 ±2 .51 1.87 ±0 .8 1
12 2.98 ±  2.02 1.94 ± 0 .8 2
TABLE 5.h
Bezafibrate study: Postprandial TRL and infranatant triacylglycerol concentrations 
(mean ±  SD) after placebo and bezafibrate treatment
TIME
(hours)
TRIACYLGLYCEROL (mmol/L)
TRL INFFLAN AT ANT
Placebo Bezafibrate Placebo Bezafibrate
-10 1.65 ±  1.28 0.57 ±  0.42 1.58 ±0 .91 1.27 ±  0.57
0 1.39 ±  1.10 0.59 ±  0.39 1.74 ± 0 .81 1.23 ±  0.39
0.5 1.36 ±1 .1 5 0.59 ±  0.36 1.73 ±  1.09 1.26 ±0 .51
1 1.57 ± 1 .2 2 0.79 ±  0.61 1.72 ±  0.80 1.20 ±  0.36
2 1.90 ± 1 .2 0 1.03 ±0 .68 1.71 ±0 .85 1.19 ± 0 .3 3
3 2.11 ± 1 .3 0 1.10 ±0 .68 1.79 ±0 .7 3 1.18 ± 0 .2 9
4 2.12 ± 1 .4 0 1.09 ±  0.66 1.77 ±0 .71 1.15 ± 0 .3 2
5 2.23 ±1 .75 1.11 ± 0 .5 2 1.76 ± 0 .6 6 1.13 ± 0 .2 8
6 2.14 ±1 .43 1.07 ±0 .57 1.70 ± 0 .8 9 1.17 ± 0 .2 3
7 2.27 ±  1.90 1.07 ±0 .71 1.82 ±0 .8 8 1.10 ± 0 .3 2
8 1.82 ±2 .17 0.73 ±  0.42 1.74 ± 0 .7 6 1.17 ± 0 .3 5
9 1.57 ±  1.63 0.74 ± 0 .55 1.79 ± 0 .8 8 1.15 ± 0 .3 3
10 1.49 ±1 .93 0.53 ±  0.50 1.83 ±  0.82 1.09 ±  0.33
11 1.25 ± 1 .8 4 0.37 ±  0.29 1.81 ± 0 .7 4 0.99 ±  0.30
12 1.39 ±1 .9 7 0.41 ±  0.35 1.90 ± 0 .8 4 1.18 ± 0 .3 8
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T A B L E  5.i
Bezafibrate study: Postprandial plasma apolipoprotein B-48 concentrations
(mean ± SD) after placebo and bezafibrate treatment
TIM E (hours) PLASMA APOLIPOPROTEIN B-48 (wg/ml)
Placebo Bezafibrate
-10 4 .2 0 1 2 .4 3 2.92 +  0.94
0 4 .3 0 1 2 .0 9 3.00 ±  0.93
0.5 4 .6 3 1 2 .3 2 2.67 ±  0.76
1 4 .8 813 .15 2.74 ±  0.54
2 5 .4 213 .78 3 .0 9 1 0 .8 4
3 5.93 ±  3.24 3.47 ±  1.08
4 6 .1512 .93 3 .4 9 1 1 .0 4
5 4.85 ±  2.53 3.26 ±  0.67
6 4.83 ±  1.67 2.95 ±  0.77
7 5 .3412 .31 2.68 ±  0.60
8 4.96 +  2.28 2.62 +  0.56
9 5.25 ±  4.02 2 .5 4 1 0 .7 4
10 5.07 ±  3.40 2 .5 4 1 0 .8 8
11 4.65 ±  2.95 2.02 ±  0.54
12 4.25 ±  3.36 2.32 ±  0.59
TABLE 5.j
Bezafibrate study: postprandial TRL and infranatant apolipoprotein 
B-48 concentrations (mean ±  SD) after placebo and bezafibrate treatment
TIME
(hours)
APOLIPOPROTEIN B-48 (wg/ml)
TRL INFFtANATA NT
Placebo Bezafibrate Placebo Bezafibrate
-10 1.03 ±  1.04 0.43 ±  0.28 3 .0212 .08 2 .2 2 1 0 .7 1
0 1 .0211 .01 0.46 ±  0.25 2 .9 1 1 2 .0 9 2 .1 6 1 0 .6 2
0.5 1 .1910 .90 0 .4 3 1 0 .1 9 3 .0512 .38 2.02 ±  0.55
1 1.3911 .01 0.50 ±  0.21 3 .1011 .91 1 .9210 .40
2 1.791  1.29 0 .7110 .31 3 .5112 .31 1 .9710 .37
3 1.86 +  1.13 0 .8 2 1 0 .5 6 3 .6 8 1 2 .0 4 2.23 ±  0.78
4 1.65 ±  0.99 0.85 ±  0.75 3 .5 012 .10 2.05 ±  0.46
5 1 .7 511 .14 0.78 ±  0.33 3 .1011 .28 2 .1 0 1 0 .4 2
6 1.49 ±  0.98 0.70 ±  0.33 2.88 ±  0.77 1 .9810 .51
7 1 .5411 .11 0.62 ±  0.28 3.55 ±  1.52 1.95 ±  0.45
8 1 .2711 .18 0 .38 1 0 .1 8 3 .1111 .21 1 .8110 .35
9 1 .1811 .05 0.34 +  0.17 3 .80 1 2 .6 7 1 .9 210 .60
10 1 ,1611 .30 0 .2 6 1 0 .1 4 3.23 ±  1.92 1.77 ±  0.60
11 0 .9 8 1 1 .1 8 0.20 ±  0.09 3 .4 212 .09 1.65 ±  0.42
12 0.91 ±  1.33 0 .21 1 0 .1 0 3 .3 012 .29 1 .8410 .37
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T A B L E  5.k
Bezafibrate study: Postprandial plasma retinyl palmitate
concentrations (mean ± SD) after placebo and bezafibrate treatment
TIME (hours) PLASMA RP (wmol/L)
Placebo Bezafibrate
-10 0 0
0 0 0
0.5 0 0
1 1.5910 .53 0 .2 4 1 0 .0 3
2 4 .9111 .91 1 .4 4 1 0 .3 9
3 7 .1 4 1 2 .1 4 2 .1 3 1 0 .5 7
4 8 .1 5 1 2 .3 9 2 .8 5 1 1 .0 2
5 7.48 12 .38 4 .7 2 1 1 .9 8
6 8 .0012 .88 5 .3 1 1 2 .1 0
7 8 .1212 .73 5 .9 8 1 2 .5 8
8 6 .5 6 1 2 .6 2 5 .4 4 1 2 .2 9
9 5 .2612 .21 3 .7 8 1 1 .4 7
10 4 .5 9 1 1 .6 5 1 .7210 .63
11 3 .6311 .41 1 .5610 .51
12 1 .8210 .49 1 .011  0.32
TABLE 5.1
Bezafibrate study: Postprandial TRL and infranatant retinyl palmitate concentrations 
(mean ±  SD) after placebo and bezafibrate treatment
TIME
(hours)
RP (umo/L)
TRL INFF:a n a t a n t
Placebo Bezafibrate Placebo Bezafibrate
-10 0 0 0 0
0 0 0 0 0
0.5 0 0 0 0
1 1 .2110 .39 0 .1 8 1 0 .4 9 0 0
2 3 .5 911 .29 1 .0210 .30 0 .7 410 .16 0 .2 6 1 0 .0 5
3 5 .1 1 1 1 .9 9 1 .6110 .53 1 .0710 .32 0 .3 6 1 0 .0 9
4 6 .2 1 1 2 .2 3 2 .2 6 1 0 .9 5 1 .3010 .47 0 .5 3 1 0 .1 3
5 5 .7 212 .23 3 .54 1 1 .3 8 1 .3710 .54 0 .8 2 1 0 .2 5
6 5 .2 9 1 2 .2 2 4 .1 1 1 1 .2 3 2 .5 610 .93 1 .1410 .41
7 5 .3 2 1 2 .3 9 3.98 11 .37 3.30 11 .4 9 1 .4 9 1 0 .6 3
8 4 .1 3 1 1 .2 3 3.53 11 .33 2.23 1 0 .9 4 2.25 1 0 .9 5
9 3.35 10 .97 1 .7310 .69 2 .3 2 1 0 .9 0 2 .0 6 1 0 .8 0
10 2 .8 2 1 0 .9 3 0.63 10 .21 2 .3 9 1 0 .6 5 1 .6 5 1 0 .7 4
11 2 .1 8 1 0 .8 5 0.57 1 0 .2 4 1 .4610 .43 1 .4 7 1 0 .6 2
12 0.98 10 .41 0 .2 510 .10 1 .2510.45 1 .2 2 1 0 .4 0
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Figure 6.a
An SW40 rotor (max speed = 40,000 rpm) was used for all runs with acceleration 
max, deceleration zero and temperature set at 23°C. Run times and rotor speed for 
each fraction are as follow:
Ultracentiifugation conditions for the isolation of lipoprotein subfractions
Run conditions:
Fraction speed (rpm) run time (hrs.min)
CM 15,000 1.45
VLDL1 28,000 1.30
VLDL2 28,000 1.14
VLDL3 17,000 16.29
The ultracentrifugation specifications i.e. run time and rotor speed were adjusted 
according to the formula of X  co2 1
CM Sf =  400 X co2 1= 15.608 xlO 9
VLDL1 Sf = 1 0 0  X co2 1 =  46.534 x 109
VLDL2 Sf =  60 X co2 1 =  40.916 x 109
VLDL3 Sf =20 X  co2 1= 187.998 xlO 9
where:
X  =  summation symbol
co =  angular velocity in radians/sec
t =  time in min
314
Table 6.a
Statin study: Postprandial plasma, C M  (Sf > 400) and V L D L  (Sf 20-400) T A G
concentrations mean (± SD) after placebo and statin treatment
Time (hours) PLASMA TAG (mmol/L)
Placebo Statin
0 2 .0 0 1 0 .7 2 1 .6610 .63
3 3 .5311 .19 3 .2 3 1 1 .2 3
6 4 .7912 .37 3 .9 8 1 1 .7 0
9 3 .6013 .17 2 .5 0 1 1 .1 6
Time (hours) CM (Sf > 400) TAG (mmol/L)
Placebo Statin
-0.5 0 .0210 .03 0 .0 1 1 0 .0 2
0 0 .0210 .03 0 .0 1 1 0 .0 2
1 0 .0 5 1 0 .0 4 0 .0 6 1 0 .0 7
2 0 .2510 .15 0 .2 8 1 0 .2 2
3 0 .3810 .23 0 .3 4 1 0 .2 5
4 0 .4510 .18 0 .4 1 1 0 .2 7
6 0 .5910 .41 0.47 10 .4 8
9 0 .5310 .93 0 .4 3 1 1 .1 2
Time (hours) VLDL (Sf 20-400) TAG (mmol/L)
Placebo Statintn©s 0 .8210 .45 0 .5 4 1 0 .3 3
0 0 .8 310 .46 0 .5 5 1 0 .3 6
1 0 .8 610 .49 0 .7 9 1 0 .4 9
2 0 .8 5 1 0 .5 2 0 .8 0 1 0 .4 9
3 1 .5510 .86 1 .3 810 .66
4 1.5710 .97 1.25 1 0 .7 4
6 2 .2 5 1 1 .3 9 1 .6 8 1 0 .9 0
9 1 .2811 .59 0 .9 0 1 0 .6 0
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Table 6.b
Statin study: Postprandial plasma, C M  (Sf > 400),V L D L  (Sf 20-400) and infranatant
(Sf < 20) R E  concentrations mean (1 SD) after placebo and statin treatment
Time (hours) PLASMA RE (wg/ml)
Placebo Statin
-0.5 0 .3 210 .29 0 .2 0 1  0.22
0 0 .3210 .28 0 .2 4 1 0 .2 7
I 0 .3 5 1  0.30 0 .3 1 1 0 .3 6
2 0 .7 0 1  0.64 0.55 1  0.56
3 1 .1611 .18 0 .9 4 1  0.60
4 1 .9311 .94 1.55 1 1 .4 8
6 4 .1 6 1 3 .5 9 2 .9 3 1 1 .9 6
9 6 .6 116 .10 5 .5 0 1 4 .6 8
Time (hours) CM (Sf > 40( 0 R E (wg/ml)
Placebo Statin
-0.5 0 0
0 0 0
1 0 0
2 0 .0510 .08 0 .0 8 1 0 .1 1
3 0 .1 1 1 0 .1 6 0 .1 3 1 0 .1 5
4 0 .2210 .33 0 .1 9 1 0 .2 1
6 0 .5 010 .49 0.45 1 0 .6 2
9 0 .9 2 1 0 .8 4 0 .6 4 1 0 .6 7
Time (hours) VLDL (Sf 20-400) RE (wg/ml)
Placebo Statin
-0.5 0 .0510 .08 0 .0 6 1 0 .0 6
0 0 .0710 .07 0 .0 4 1 0 .0 4
1 0 .0810 .07 0 .0 7 1 0 .0 7
2 0 .2 210 .20 0 .1 3 1 0 .0 9
3 0 .4 0 1 0 .3 0 0 .3 7 1 0 .2 1
4 0 .5 7 1 0 .4 2 0.47 1 0 .3 0
6 1 .4211 .06 1 .1 8 1 0 .6 2
9 2 .2 8 1 2 .2 5 2 .1 1 1 2 .2 7
Time (hours) INFRANATANT (Sf <  20) R E (wg/ml)
Placebo Statin
“0.5 0 .0 5 1 0 .1 2 0 .0 7 1 0 .1 4
0 0 .1 110 .16 0 .0 7 1 0 .1 6
1 0 .0 810 .15 0 .0 7 1 0 .1 6
2 0 .1210 .17 0 .0 7 1 0 .1 5
3 0 .1 3 1 0 .1 4 0 .1 1 1 0 .2 4
4 0 .1 4 1 0 .1 6 0 .1 2 1 0 .2 0
6 0 .1 6 1 0 .2 2 0 .1 4 1 0 .3 5
9 0 .2 2 1 0 .3 0 0 .2 4 1 0 .5 0
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Table 6.c
Statin study: Postprandial C M  (Sf > 400) and V L D L  (Sf 20-400) apo B-48
concentrations mean (± SD) after placebo and statin treatment.
Time (hours) CM (Sf > 400) APO B-48 (wg/ml)
Placebo Statin
-0.5 0.05 ±  0.06 0.03 ±  0.05
0 0.03 ±  0.02 0.03 ±0 .01
1 0.05 ± 0 .1 4 0.04± 0.10
2 0.15 ± 0 .1 9 0.14 ± 0 .1 6
3 0.16 ±0 .18 0.15 ± 0 .1 4
4 0.17 ±0 .17 0.16 ±0 .1 5
6 0.25 ±  0.29 0.20 ±  0.24
9 0.07 ±0 .1 0 0.03 ±  0.03
Time (hours) VLDL (Sf 20-400) APO B-48 (wg/ml)
Placebo Statin
-0.5 0.38 ±0 .31 0.34 ±  0.22
0 0.46 ±  0.30 0.28 ± 0 .1 7
1 0.39 ±0 .21 0.37 ±  0.26
2 0.49 ±  0.21 0.43 ±  0.23
3 0.54 ± 0 .2 5 0.57 ±  0.25
4 0.71 ± 0 .3 2 0.63 ±  0.39
6 0.99 ± 0 .4 3 0.69 ±  0.45
9 0.76 ±  0.62 0.44 ± 0 .3 4
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Table 6.d
Statin study: Postprandial VLDL1 (Sf 100-400), VLDL2 (Sf 60-100) and VLDL3
(Sf 20-60) apo B-48 concentrations mean (± SD) after placebo and statin treatment
Time (hours) VLDL1 (Sf 100-400 ) APO B-48 (wg/ml)
Placebo Statin
0 0 .2310 .19 0 .1 4 1 0 .0 8
3 0.5610.33 0.48 1  0.44
6 0.35 10.13 0.4110.27
9 0.3110.15 0.37 10.21
Time (hours) VLDL2 (Sf 60-100) APO B-48 («g/ml)
Placebo Statin
0 0.28 10 .05 0 .2 1 1  0.05
3 0 .3110 .21 0.28 1  0.07
6 0 .4210 .25 0.25 1  0.25
9 0 .3210 .18 0 .2 0 1 0 .1 9
Time (hours) VLDL3 (Sf 20-60) APO B-48 (ug/ml)
Placebo Statin
0 0.2910 .11 0 .2 6 1 0 .1 0
3 0 .4410 .15 0 .3 0 1 0 .1 6
6 0 .4 1 1 0 .1 4 0 .3510 .11
9 0 .3510 .18 0 .3 0 1 0 .1 2
